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SIX PKirRES 


(J^(*einve(7 for piiblirntion S(‘pti‘inbt‘r 26, 7 04()) 


Diflfu*iiltic‘s \uxvo lieon orK^omilorcMl witli tui‘keys, as with 
(‘liicks, wIk'ii altom|)<s Iiavo been made to devise purified diets 
wlih'h will peimit iio7*7iial .i»‘rowtli. Now tliat synthetic ])teroyl- 
U’hilamic acid is iivailable ( An.i»ier (‘1 al., '46 ) it has been fomid 
])Ossible by 77ieans ot* its iuelusion to prepai'e diets in which 
the waleT-solnl>le vitambis ar(‘ suppl'n-d in sy7it]ietic form and 
wliii'li i»‘iA'e satisfactory <>'i-o\\Ili in turkeys. 

FAnM:R 1 ^ 1 EXTAl 

Day-old turk(*y ])oults wei*e ])la(*(‘d in ek'ctrically lieated 
batt(‘i*y brood(u*s and were fi'd tlu‘ (‘X])ei-i7ne7ital diets immedi- 
ately. T(‘n or (4('veii l>7*onz(^ oi* White TTolland tui*keys were 
iiseul in each gro7ip. 

Tn ])r(4in7ina]*y (*x])(M i7nents ,ohj(M)s<* was used as the source 
of (*arbohydrat(*. Diflicadties occurnal, iTichidin;^.' stickiness a7id 
('aki7i.u* of <;lncos(‘ on the feathto’s, tlie occur7*ence ot* ‘‘pend7i- 
lous (‘Pops'’ as (‘arly as H wei'ks of ai»‘(a and Ink'll mortality. 
Since tli(‘ first of th(*s(* difficailtiivs was thou.u’ht to lie diu' to tlie 
])hysi(*al j)]‘o])(‘rties of <>‘lu(‘ose, a (*ha7i,i*'e was made to corn 
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starch, and no further diflSculties were encountered. The pos- 
sibility remained that the starch may have contained some 
unidentified ingredient which was responsible in part for the 
improvement. 



Fig. 1 Turkey on diet T-15 at 11 weeks of age, weight 2348 gm, and of com- 
paratively normal appearance except for a slight enlargement of the crop. 

The following basal diet was used : starch 55.5 gm, purified 
casein ^ 20 gm, gelatin 8 gm, calcium gluconate 5 gm, glucose * 
0.88 gm, cystine 0.4 gm, choline chloride 0.2 gm, inositol 
0.1 gm, bone ash 2 gm, NaCl 0.6 gm, KH2PO4 0.45 gm, K2HPO4 
0.6 gm, MgS04 0.25 gm, MnS04, 4 H2O 0.05 gm, ferric citrate 
0.05 gm, CUSO4, 5H2O 2 mg, Al2(S04)s, I8H2O 1.6 mg, KI 
0.6 mg, cobalt chloride 0.4 mg, nickel chloride 0.2 mg, calcium 

^ Labco. 

* Oerelose. 
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pantothenate 5 mg, niacinamide 5 mg, riboflavin Img, pyri- 
doxine HCl Img, thiamine HCl Img, p-aminobenzoic acid 
1 mg, l-acetoxy-2 methyl-4 naphthyl sodium phosphate 0.5 mg, 
sodium pteroylglutamate 2 mg, (dl) biotin ,04 mg, to which 
were added vitamin A 3000 U.S.P. units, vitamin D 400 
A.O.A.C. units, mixed tocopherols 68 mg, dissolved in com 
oil ® to a total of 6 gm. 



Fig*. 2 Cervical paraly.>is in turkey in group 1, deficient in pteroylglutamic 
acid. Age 33 days. 


The waier-soluble vitamins were added as follows: inositol, 
niacinamide, calcium pantothenate, thiamine, riboflavin, pyri- 
doxine, p-aniinobenzoic acid and l-acetoxy-2 methyl-4 naphthyl 
sodium pliosphate were mixed dry with glucose so that 1 gm 
of the mixture was sufficient for 100 gm of diet, (dl) biotin 
was dissolved, 0.8 mg per ml, in 50% alcohol with the aid of 
a drop of ammonium hydroxide solution and the biotin solu- 
tion was dried on the glucose before the other vitamins were 
mixed with it. Sodium pteroylglutamate was prepared by 


* Mnzola. 
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dissolving pteroylglutamic acid in just sufficient sodium 
hydroxide solution and making up to a final concentration of 
2 mg of pteroylglutamic acid per ml in 50% ethanol. The 
solution was added to the diet. Turkeys on this diet (“diet 
T-15”) appeared normal (fig. 1), and grew at a fair rate, 
although not at the maximum rate which might be anticipated. 
Blood was drawn from a wing vein for hemoglobin determina- 
tions. The blood was hemolyzed with dilute ammonium hy- 
droxide and readings were made in the Coleman spectrophoto- 
meter at 540 mp. The calculations wore made from a standard 
cui’ve which was constructed on the basis of a comparison of 
the readings obtained for a series of hemoglobin solutions 
with both the Evelyn colorimeter and the Coleman spectro- 
photometer. Cell volume determinations were made by centri- 
fuging blood in standard Wintrobe hematocrit tubes. Smears 
were stained supravitally with brilliant cresyl blue and 
counterstained with Wright’s solution. 

Pteroylglutamic acid 

A deficiency of this vitamin resulted in slow growth and a 
moderate degree of anemia. The results are shown in table 1. 

TABLE 1 

Effect of various levels of pteroylglutamic acid on turVey poults fed a basal 
purified diet consisting of diet T-15 with pteroylglutamic add omitted. 


AT 4 WEEKS 


GROLTI^ 

StfPPTiEMENT PER 
KILO OF DIET 

WEIGHT IN GM AT 

21 days 28 davs 42 dav.s 

PER CENT 
HEMOGIiOBIN AT 

;i weeks 4 weeks 

RBC 

count 

Mean 

corpus- 

cular 

volume 

1 

None 

165 

191 

all dead 

8.65 

10.42 

2.43 

1.12 

2 

0.2 mg pteroyl- 
glutamio acid 

201 

284 

409 

9.19 

10.66 

2.50 

1.04 

3 

0.r> mg pteroyl- 
glutamic acid 

194 

287 

565 

9.46 

10.04 

2.71 

0.99 

4 

0.8 mg pteroyl- 
glutamic acid 

225 

324 

646 

9.66 

10.05 

2.65 

1.04 

5 

1.0 mg pteroyl- 
glutamic acid 

200 

315 

607 

9.35 

10.2.1 

2.68 

1.06 
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Three cases of cervical paralysis (Richardson, Hogan and 
Kempster, ’45) were observed among 4 surviving birds on 
the basal diet at 33 to 35 days of age (fig. 2). The results 
indicate that growth was somewhat better at a level of 0.8 mg 
of pteroylglutamic acid per kilo of diet than at a level of 
0.5 mg. Increasing the level to 1.0 mg did not increase the 
growth rate. Examination of blood smears revealed a dif- 
ference in appearance between the erythrocytes from turkeys 



Fig. 3 A Normal-appearing erythrocytes (X 1500) from turkey in group 5, 
receiving a diet supplemented with 1.0 mg ptei oylglutamic acid per kilo. 
B. Erythrocytes (X 1500) from turkey in group 1, deficient in pteroylglutamic 
acid. Note the large size and elongation of the cells as compared with the normal 
erythrocytes. Some of the cells slum nuclei which are enlarged and of diminished 
density. The blood smears were made at 28 days of age. 

in grouj) 1 with pteroylglutamic acid deficiency and the 
erythrocytes from turkeys in group 5. The erythrocytes of 
the deficient birds were larger in diameter and their nuclei 
were larger and appeared less dense than in the case of the 
birds receiving supplementary pteroylglutamic acid (fig. 3). 

Rihofavin 

Omission of riboflavin fi’om the basal diet resulted in slow 
growth and dermatitis as summarized in table 2. The derma- 
titis (fig. 4) was observed in the region of the eyes and mouth 
an<l corresponded closely to the original descriptions of ribo- 
flavin-deficiency dermatitis in turkeys (Lepkovsky and Jukes, 



6 


T. H. JUKES AND OTHERS 


’36; Jukes, ’38). The requirement for riboflavin under the 
conditions of the experiment appeared to be satisfied by 3.0 mg 
per kilo of diet. A level of 2.5 mg per kilo was insufficient for 
growth and did not give complete protection against 
dermatitis. 

An additional group was included in the series. The group 
(group 9 A) received the same diet as group 9, but with 
casein ■* replacing gelatin in the diet. The object was to obtain 

TABLE 2 

Effect of various levels of riboflavin on turkey poults when added to a basal 
purified diet consisting of diet T-15 with riboflavin omitted. 


BXI*. OROUP 


SUPPLEMENT PER 
KILO OF DIET 


PER CENT OF BIRDS 

WEIGHT IN GM AT SHOWING DERMATITIS AT 

21 days 28 days 42 days 17 25 42 

days days days 


1 

6 

None 

134 

170 

210 

.56 


80 

1 

7 

2.5 mg riboflavin 

199 

254 

457 

25 


0 

1 

8 

3.0 mg riboflavin 

228 

340 

CIO 

0 


0 

1 

9 

4.0 mg riboflavin 

226 

338 

640 

0 


0 

1 

9A 

Same diet as group 9 
but with casein 
replacing gelatin 

187 

260 

404 

0 


0 

2 

19 

None 

105* 

117* 

150 1 

7.5 

66 = 


2 

20 

2.5 mg riboflavin 

139 

152 

198 

11 

44 

.57 

2 

21 

3.0 mg riboflavin 

120 

150 

210 

11 

3.3 

2.5 

2 

22 

4.0 mg riboflavin 

168 

244 

429 

0 

22 

11 

2 

23 

10.0 mg riboflavin * 

189 

260 

472 

0 

0 

r> 


^ 5 survivors t 1 survivor. 

*3 survivors. 

*1.2 mg pteroylglutamic acid per kilo of diet. 


some indication as to Whether turkeys, like chickens (Alni- 
quist and Mecchi, ’40), inquire glycine in the diet for rapid 
growth. The results indicated that such was the case. 

A second experiment with riboflavin was carried out witli 
a group of turkeys which were hatched in August. The re- 
sults of this experiment are also summarized in table 2 and 
indicate a higher riboflavin requirement than was observed 
in the first experiment with this vitamin. The turkeys in the 


* Labco. 
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second experiment did not grow as rapidly on higher levels 
of rihoflavin as did the turkeys in the first experiment and 
dermatitis appeared in groups 21 and 22 which received, re- 
spectively, 3.0 mg and 4.0 mg of rihoflavin per kilo of diet. 
The slow growth which was obtained in experiment 2, and 
which was observed even in the case of group 23, may have 
been associated with the commonly observed fact that turkeys 
hatched late in the breeding season tend to grow more slowly 
and to exhibit less vitality than turkeys which are hatched at 
the height of the breeding season. 


TABLE 3 

Effects of various levels of macinamide on turicey poults when added to a 
basal purified diet consisting of diet T-15 with niammmide omitted. 


SUPPIiKMKNT PER 


WKTQHT IN GM. AT 


PER CENT INCIDENCE OF 
PEROSIS AT 


IIUOLU' 

Kino OF DIET 

21 days 

28 days 

42 days 

18 days 

27 days 

42 days 

10 

None 

92 ‘ 

all dead 


0* 

all dead 


n 

20 ing niuoiiiamide 

158 

215 

341 

33 

89 

100 

12 

no mg; niacinamido 

182 

273 

479 

0 

0 

0 

13 

100 mg niacinamide 

174 

263 

487 

0 

0 

0 

* One survivor. 


Niacin 


Without the addition of niacin to the diet, only 1 of 10 birds 
survived to the age of 18 days as indicated in table 3, group 10. 
Perosis (fig. 5) occurred in birds in group 11 which received 
the diet containing 20 mg of added niacinamide per kilo; this 
confirms the report by Briggs (’46). No abnormalities were 
observed in the birds in groups 12 and 13 which received 50 or 
100 mg of added niacinamide per kilo of diet. Growth was 
more rapid in groups 12 and 13 than in group 11. 


Inositol 

The results with inositol are sinnmarized in table 4. Growth 
wag improved by adding 1.0 gm of inositol per kilo hut not 
by 0.1 gm. The hemoglobin level was lowered somewhat by 
omitting inositol from the diet. 
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Fig, 4 
riboflavin. 


Dermatitis and rough feathering in turkey in grou]) 6, deficient in 
Age 21 days. 



F^. 5 Perosis in turkey in group 11, receiving a diet containing a suboptimal 
level of niacinamide. Age 42 days. 
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TABLE 4 

Effect of various levels of inositol on turicey yoults when added to a basal 
purifled diet consisting of diet T-15 with inmitol omitted. 


KXP. 

OEOUP 

SUPPLKMJflNT 
PER KIOO 

OF DIKT 

WEIGHT IN GM AT 

21 days 28 days 40 days 

PER CENT HEMOGLOBIN AT 

21 davs 83 days 42 days 

1 

14 

None 

139 

194 

290 

8.28 

9.16 


1 

15 

0.1 gm inositol 

141 

192 

271 




1 

16 

1.0 gm inositol 

166 

234 

416 

9.57 

9.98 


O 

17 

None 

137 

171 

221 

9.18 

10.32 

10.30 

2 

18 

1.0 gm inositol 

159 

209 

322 

11.30 

10.37 

12.24 


An examination was made of stained blood smears from 
anemic turkeys in group 17 (table 4) at 6 weeks of age. The 
erythrocytes had an appearance which indicated a normocytic 
anemia, and which was characterized by approximately 
normal cell diameter, the cells round rather than oval in 
appearance, the nuclei enlarged and exhibiting irregular color 
density, and the cytoplasm staining a deeper blue than in 
normal cells. The erythrocytes in corresponding smears ob- 
tained from group 18 were normal in appearance (fig. 6). 

The presence of inositol, as phytic acid, in avian erythro- 
cytes was reported by Kapoport (’40). Tt was later noted 



Fig. 6 A. Normal-appoaring erythrocytes (X 1500) from turkey in group 18 
on diet supplemented with Igm of inositol per kilo. B. Erythrocytes (X 1500), 
showing normocytic anemia, obtained from turkey in group 1 7, deficient in inositol. 
Note the paleness of the cytoplasm, the anisocytosis and the enlargement of the 
nuclei. Some immature red cells, characterized by darker cytoplasm and especially 
large nuclei, are present. The blood smears were made at 42 days of age. 
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(Rapoport and Guest, ’41) that turkey blood contained 74.2 mg 
of phytic acid phosphorus per 100 ml of packed cells. Phytic 
acid was not detected by these investigators in the blood of 
22 mammalian species. 


DISCUSSION 

The observation regarding the paralytic condition associ- 
ated with pteroylglutamic acid deficiency in turkeys (Richard- 
son et al., ’45) has been confirmed in the present investigation. 
The present report indicates that the pteroylglutamic acid 
requirement of young turkeys may be at least twice that of 
chicks. Other investigations (Russell, W. C., ’46, private com- 
munication) indicate that the pteroylglutamic acid require- 
ment of young turkeys under certain conditions may be oven 
higher than the levels studied in tlie present investigation. 

In a previous investigation (Jukes, ’38) it was noted the 
amount of riboflavin required in the diet of turkey poults was 
about the same as that required by chicks. The first experi- 
ment in the present report tends to support this finding. The 
second experiment, which was made with “late-hatched” tur- 
keys, indicated a higher riboflavin requirement. The riboflavin 
requirement of young turkeys was investigated with a diet of 
natural foodstuffs and was estimated as 2.7 mg per kilo of 
diet (Patrick et al., ’44). In a recent investigation, the ribo- 
flavin requirement of young turkeys appeared to be in the 
neighborhood of 3.5 mg per kilo of diet (Bird et al., ’46). 
Dermatitis was noted which was attributed to biotin deficiency 
in the basal diet. Perosis was noted on suboptimal levels 
of riboflavin. These observations may be contrasted with 
another report (McGinnis and Carver, ’46) in which ribo- 
flavin was found to bo very effective in i)reventing dermatitis 
in young turkeys. 

The niacin requirement appeared to.be satisfied by 50 mg 
of niacinamide per kilo of ration but 20 mg was insufficient. 

Inositol deficiency in turkeys has not previously been 
described. The deficiency resulted in growth and a normocytic 
anemia. A level of 1.0 gm of inositol per kilo of diet produced 
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more rapid growth than was produced by 0.1 gm. Levels 
higher than 1.0 gm were not fed. 

The growth of turkeys was reduced by substituting casein 
for gelatin in diet T-15. This may possibly indicate that 
turkeys, like chicks (Almquist and Mecchi, ’40), require 
glycine for growth. 


SUMMARY 

1. Young turkeys were found to grow and survive on a 
purified diet containing synthetic vitamin B complex factors. 

2. Slow growth, cervical paralysis, a moderate degree of 
anemia, and high mortality were observed when pteroylglu- 
tamic acid was omitted from the diet. The requirement for 
pteroylglutamic acid under the conditions of the experiment 
appeared to be in the neighborhood of 0.8 mg per kilo of diet. 
A characteristic appearance of the erythrocytes in pteroyl- 
glutamic acid deficiency was observed and is illustrated. 

3. Eiboflavin deficiency resulted in slow growth and derma- 
titis. A level of 2.6 mg of riboflavin per kilo of diet was not 
sufficient for growth or protection against dermatitis, but 
3.0 mg appeared to be sufficient for the first 6 weeks tmder the 
conditions encountered in 1 ei^ieriment. A higher require- 
ment, apparently somewhat in excess of 4.0 mg of riboflavin 
per kilo of diet, was indicated in a second experiment which 
was made with birds hatched at the end of the breeding 
season. 

4. Omission of niadn from the basal diet resulted in slow 
growth and high mortality. A level of 20 mg of added 
niacinamide per kilo of diet enabled the birds to survive but 
growth was slow and the turkeys developed perosis. A level 
of 50 mg of added niacinamide appeared to be sufficient for 
fairly rapid growth and for the prevention of perosis. 

5. Inositol deficiency was found to produce slow growth 
and ft normocytic anemia. 

6. Substitution of casein for gelatin in the basal diet re- 
sulted ha slow growth. This may indicate fbat turkeys, like 
iflildbs, require i^cine in the diet. 
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PHOSPHORUS IN POULTRY NUTRITION 

ni. THE EBLATIONSHIP BETWEEN THE SOUKCE OP VITAMIN D AND 
THE UTILIZATION OP CEBEAL PHOSPHOBUS BY THE POULT ^ 

B. P. 8INGSEN, L. D. MATTEB80N AND H. M. 8COTT 
Poultry Department, Storrs Agricultural Experiment Station, 

University of Connecticut, Storrs 

ONE nGUBE 

(Received for publication September 18, 1946) 

The observations of Bird ( ’44) and Boucher ( ’44) that vita- 
min Da is essentially two times as effective as vitamin D from 
cod liver oil in promoting calcification in poults offered a 
possible explanation for some of the variations which appear 
in the literature regarding the vitamin D requirements of the 
turkey poult. That this difference in efficacy might be associ- 
ated with the mineral content of the diet is suggested by the 
data of Fritz, Hopper and Moore (’45), and more specifically 
with the phytin phosphorus by Matterson, Scott and Singsen 
(’46). According to Singsen and Mitchell (’45) when chicks 
were forced to rely upon phytin as their principle source of 
phosphorus, irradiated animal sterols were more effective in 
promoting calcification than was cod liver oil. The experiments 
reported here were conducted in an effort to demonstrate that 
with the poult, the relationship between the source of vitamin 
D and the utilization of phytin phosphorus is essentially the 
same regardless of whether calcium magnesium phytate or 
the natural cereal ingredients are used to supply the phytin. 

^ Supported in part by a grant from the Yantic Grain and Products Company, 
Norwich, Connecticut. 

A preliminary report of this work was made at the Annual Meeting of the 
Poultry Science Assn, at Saint Louis, July 23, 1946. The abstract of the paper 
appears in Poul. SeL, 411, 1946. 
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Mxissehl and Ackereon ( *35} have shown that normal gtx>wth 
and bone ash may be obtained with tnrkeys when the levels of 
phosphorus intake vary from 0.63 to 1.47%. Hammon^ Mq- 
Clure and Kellogg ( *44) have shown that 0.62% phosphorus 
and 1.02% calcium would support excellent calcification in 
poults when 80 A.O.A.C. diick units of vitamin 1) per 100 gm 
of feed were fed. Unpublished data obtained at the Storrs 
Agricultural Experiment Station confirm these findings, in 
that 0.60% available phosphorus supports normal growth and 
calcification. Evans and Brant (’45) reported that 0.80% 
phosphorus, a calcium : phosphorus ratio of 2 : 1 and 100 
A,O.A.C. ohi^ units of vitamin D per 100 gm of diet supported 
excellent calcification. The vitamin D was supplied by what 
the authors call a “natural vitamin D oil.’’ The diets used in 
the experiments reported here were planned to contain about 
0,60% total phosphorus, a level which is close to the minimum 
requirement of the turkey poult. 

The vitamin D requirements of the turkey poult have been 
investigated by a number of workers, and values may be found 
in the literature that range from as low as 80 to over 200 
A.O.A.C. chick units per 100 gm of diet. Belatively low levels 
of vitamin D were chosen for use in our experiments in order 
to bring out as clearly as possible' any differences in efficacy 
which might exist. 

The objects of experiment 1 were, first, to investigate the 
effect of different levels of cereal phosphorus on bone calci- 
fication in the poult when the total calcium and phosphorus 
intakes and the level of vitamin D are held constant, and sec- 
ond, to measure the effwt, if any, of the source of vitamin D 
on the utilization of cet^l phosphorus. 

The second expeipiment was designed to measure the effects 
on bone calcification (bone ash) of increasing unitages of 
vitamin D from cod li'^^er oil and irradiated animal sterols 
(irradiated 7-dehydrochoJesterol) with two diets which had 
l^n shown in e^tperimmit 1 to be rachitog:enic Iweause too 
large a proportion of the total phosphorus was contributed by 
cereal in^edients. It was cu|r hope to be able -to make specific 
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vitamin D recommendations for turkey poults depending upon 
(1) the source of vitamin D being used and (2) the total 
amount of and the sources of phosphorus in the diet. 

MATEBIAIiS AND METHODS 

The basal diet used in these experiments minus the cereal 
ingredients and the calcium and phosphorus supplements, 
appears in table 1. 

TABLE 1 


Composition of the basal diet. 


BASAL MIXTURE 


VITAMIN SUPPLEMENT 

Casein 

% 

12.00 

Calcium pantothenate . 

Per 100 lb. diet 

. . . 635 mg 

Gelatin 

3.00 

Pyridoxine 

227 mg 

Primary grown yeast 

. . . 4.00 

Riboflavin 

227 mg 

Bagasse 

4.00 

Inositol 

227 mg 

liver meal 

3.00 

Para-aminobenzoic acid 

227 mg 

Wheat germ oil 

1.00 

Thiamine . ' . 

95 mg 

Nad .... 

0.50 

Nicotinic acid . . 

95 mg 

KCl 

0.50. 

Vitamin K . . . ^ 

18 mg 

MnSO* 

(70 gm) 

Choline chloride . . 

45.4 gm 


The diet was made up to 100% with additions of ground 
limestone, bone meal and special white corn meal (a de-germed, 
de-braned product containing only 0.07% phosphorus, of 
which less than 0.01% is phytin), or cereal mixture no. 1 con- 
taining 40 parts of .corn, 20 pa(rts of wheat middlings and 10 
parts of wheat bran. Seventy-nine per cent of the total phos- 
phorus contributed by cereal mixture no. 1 was present as 
phytin. "When this cereal mixture comprised 67.52% of the total 
diet, it contributed 0.42% total phosphorus to the diet. The 
complete plan of the experiment appears in table 2. 

yitamin D was supplied from either a pure cod liver oil or 
irradiated 7-dehydrocholeeterol (hereafter referred to as Dg) 
diluted in com oil. The vitamin D supplements were assayed 
by the A.OA.O. chick method in this laboratory and also at 
the Connecticut (New Haven) Agricultural Experiment Sta- 
tion and assigned a potency on the basis of the combined 
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assay data. Adequate vitamin A was furnished by the oral 
administration of a pure vitamin A concentrate in com oil. 
The poults received the diet ad libitum. After 28 days they 
were weighed and sacrificed for bone ash determinations. The 
dry, fat-free tibia were ashed individually. Total calcium, 
tp^l phosphorus and phytin phosphorus were determined for 
all diets. Day-old Broad Breasted Bronze turkey poults from 
the University of Connecticut flock were used in all ex- 
periments. 

EXPEEIMENTAL 

In Experiment 1 two series of lots of poults were fed diets 
containing increasing amounts of cereal phosphoras and de- 
creasing amounts of bone meal. A Ca : P ratio of approxi- 
mately 2.5 : 1 was maintained with ground limestone. All lots 
were fed 80 A.O.A.C. cMck units of vitamin D per 100 gm of 
diet, lots 1-6 receiving pure cod liver oil and lots 7-12 vitamin 
Dj. Thus the diets-fed lots 1 and 7, 2 and 8, etc., were the same 
except for the source of vitamin D. It was planned to keep 
the total phosphorus level constant at 0.60% except for lots 6 
and 12. These two lots received cereal mixture no. 2 -contain- 
ing more wheat by-products and less corn than mixture no. 1, 
thus increasing the levels of total and cereal phosphorus fed 
these lots by 0.17%. This was intended to demonstrate the 
effect, if any, on bone calcification of increasing the total 
phosphorus level in the diet by means of the cereal ingredi- 
ents. Twenty-one poults were started in each lot. Mortality 
was insignificant, only three poults dying in the entire experi- 
ment. A summary of the experimental data on rations and 
results appears in table 2. 

It is obvious from the data presented in table 2 that the 
per cent bone ash decreases steadily and rapidly, as the rela- 
tive amount of cereal phosphorus increases. The poults of 
lot 5 were markedly rachitic despite the presence of 80 units 
of vitamin D per 100 gm of diet, and adequate levels of calcium 
and total phosphorus. The downward trend was similar for 
both sourees of vitamin D, but the per cent bone ash of the 
poplts receiving the vitamin Dg declined less sharply and 
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never reached as low a point as did those receiving cod liver 
oiL It is interesting to note that increasing the total phos- 
phorus level 0.17% by means of cereal phosphorus had very 
little effect upon bone ash when the diet contained cod liver 
oil (lot 6), but a marked effect when it contained vitamin D* 
(lot 12). In general, poults receiving the Dg exhibited a bone 
ash value approximately equal to that of poults receiving cod 
liver oil and 0.10% more non-cereal phosphorus. The rela- 
tionship between the level of non-cereal phosphorus and bone 

TABLE 2 


Summary of experimental data on rations, and results in experiment 1, 


DHBT 



LOT NOS. 



VARUBLIS 

1 and 7 

2 and 8 

8 and 9 

4 and 10 

5 and 11 

6 and 12 

Basal diet 

28.00 

28.00 

28.00 

28.00 

28.00 

28.00 

White corn meal 

66.74 

50.04 

33.37 

16.68 



Cereal mix 1. 


16.90 

33.80 

50.70 

67.52 

67.52 » 

Bone meal 

2.86 

2.15 

1.43 

0.72 



Limestone 

2.40 

2.91 

3.40 

3.90 

4.48 

4.48 

Totals 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Analyses % 







Total Oa 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

Total P 

0.67 

0.65 

0.64 

0.63 

0.62 

0.79 

Non-cereal P 

0.67 

0.54 

0.43 

0.31 

0.20 

0.20 

Cereal P 

0.00 

0.11 

0.21 

0.32 

0.42 

0.59 

Results 







C.UO.(Lots 1-6) 







Body weight 

Av. 28 days 
(gm) 

268 

296 

308 

303 

291 

273 

Bone ash % 

Vitsimin J)t 

44.6 

43.3 

40.8 

37.0 

33.2 

34.4 

(Lots 7-12) 

Body weight 

Av. 28 days 
(gn») 

279 

308 

325 

321 

297 

304 

Bone ai^ % 

45.8 

45.3 

44.0 

40.0 

35.6 

40.4 


*Lot8 6 and 12 received cereal mixture no. 2, containing 15 parts of corn, 35 
parts of wheat middlings and 20 parts of wheat bran. This increased the level of 
total phosphorus to 0.79% and the cereal phosphorus to 0.59% for lots 6 and 12. 
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is «|iown graphically in figure 1. Bone ash has been plotted 
agsd^t the logarithm of the per cent non'cereal phosphhms 
in the diet and a straight line fitted to the data by the method 
of least s(luares. This line xnay be represented by the formula 
y = 26.30 + 22.60X, in which y represents the bone ash ex- 
pkited and X the logarithm of the non-cereal phosphorus, 

OlCTARV PNMMOIIV* ^ 

OmeiNAI. SATA 

At U Mt .11 .OO-OCRCAL P 

■M .91 AS 94 97-NgillrOlREAL P 



when cod liver oil is the source of vitamin D and y = 29.90 + 
20.50X when vitamin is used. The curved lines represent 
the original data plottcMi against the levels of dietary phos- 
phorus actually fed. 

In the second experiment, the diets containing non-cereal 
and cered phosphoFue4e>vel8 of 0.31 and 0.32, and 0.20 and 
0.42%, respectively, vr€r0 used, since these diets were inoa- 
pabite: of supporting nclnh^l calcification m experiment 1, 
ffiijght Ibtfi of day-old potdts were placed oU each diet, lots I to 
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4 receiving 60, 120, 240 and 480 units of vitamin D per 100 gm 
of ration, from a pure cod liver oil, and lots 5 to 8 the same 
unitage from vitamin Dg. The entire experiment was run in 
duplicate, fresh feed being mixed for each trial. The positions 
of the lots in the battery were selected with the aid of a 
randomized block based on a latin square in order to minimize 
the effect of position in the battery on results. Smaller num- 
bers of poults (6 per lot) were used in this experiment owing 

TABLE 3 


Summary of the data on experimental rations and results in experiment S, 


LOT 

iro. 

DIBTAET PHOSPHOBUS 

A.O.A.O. OHIOK UNITS 

OB VITAMIN D 

O.L.O. D, 

BB8ULT8 

Body wt. 

At 28 
days 

Bone 

aah 





gm 

% 

1 


60 


337 

37.1 

2 


120 


325 

37.2 

3 

Total phosphorus 0.63% 

240 


324 

38.9 

4 

Non-cereal P 0.31% 

480 


328 

39.5 

5 

Cereal P 0.32% 


60 

326 

40.6 

6 



120 

333 

42.0 

7 



240 

328 

41.9 

8 



480 

344 

42.3 

9 


60 


289 

32.3 

10 


120 


308 

34.9 

11 

Total phosphorus 0.62% 

240 


' 323 

33.5 

12 

Non-cereal P 0.20% 

*'480 


288 

35.3 

13 

Cereal P 0.42% 


60 

286 

36.. 

14 



120 

300 

38.8 

16 



240 

314 

39.1 

16 



480 

318 

39.6 


to the fact that it was carried out in duplicate, and also be- 
cause fewer poults were- available at this time. A summary 
of the experimental data on rations and results appears in 
table 3. Since the results of the two duplicate series are very 
simitar, they are combined for tabular presentation and statis- 
tical analysis. 

The data presented in table 3 indicate that increasing the 
level of vitamin D in the diet will increase the bone ash, but 
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that the magnitude of the response is small. Increasing the 
vitamin D from 60 to 480 units per 100 gm of diet (lots 1 to 4) 
increased bone ash only 2.4% whereas in experiment 1 an in- 
crease of 0.12% of non-cereal phosphorus (compare lots 3 and 
4) increased bone ash 3.8%. The situation was similar for 
both sources of vitamin D, although the poults receiving vita- 
min Dg always showed better calcification than those receiving 
cod liver oil. The difference in bone ash obtained with the two 
sources of vitamin D was dependent, to some extent at least, 
on the source of the phosphorus in the diet. This can be dem- 
onstrated by studying the relationship between the level of 
vitamin D fed and the per cent bone ash found in the tibia. 
A line of best fit was calculated by the method of least squares, 
for the cod liver oil data obtained with each diet, and the 
number of units of vitamin D from cod liver oil that would be 
necessary to produce a bone ash equivalent to that obtained 
at a given level of vitamin Dg was then computed. The data for 
lots 1 to 4 may be represented by the formula y = 36.72 -|- 
.006X in which y is the per cent bone ash obtained and X the 
number of A.O.A.C. chick units of vitamin D fed. For lots 9 
to 12 the formula is y == 32.86 -f .005X. By substituting in 
place of y the bone ash value obtained at any given level of 
vitamin Dg one may easily calculate X, the number of units 
of vitamin D from cod liver oil that would be required to pro- 
duce that per cent of bone ash. Dividing the number of units 
of vitamin D required from cod liver oil by the number of 
units of vitamin Dg actually fed, gives the efiScacy ratio. A 
summary of the efficacy ratios computed in this manner for 
the two diets and the several levels of vitamin D used in ex- 
periment 2 appears in table 4. It is apparent that the efficacy 
ratios are wider in every case on the diet containing the larger 
proportion of cereal phosphorus. In other words as the rela- 
tive amount of cereal phosphorus (largely phytin) increased, 
the relative efficiency ctf the vitamin Dg compared with the 
vitamin D of cod liver oil also increased. The rapid decrease 
in the size of the efficacy ratio with increasing amounts of 
vitamin D is due to the fact> previously noted, that bone ash 
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responses were small for relatively large increments of vita- 
min D. Unless adequate levels of available minerals are 
present in the diet of the poult, the ability of vitamin D to 
promote calcification is definitely limited. One may calculate 
that in experiment 2, 60 units of vitamin D from cod liver oil 
produced 93.9% of the bone ash obtainable with 480 units and 
that 60 units of vitamin Dg produced 95.8% of the bone ash 
obtainable with 480 units of vitamin Dg. These results certainly 
demonstrate that the magnitude of the improvement in bone 


TABLE 4 

Efficacy ratios of vitamin D from C,L.O. to vitamin D, on two diets varying in their 
source of phosphorus. Experiment £, 


A.O.A.C. 
UNITAOE 
OF Da 


DIETARY PHOSPHORUS 


Non-cereal P 0.31% 
Cereal P 0.32 % 


DIETARY PHOSPHORUS 


Non-cereal P 0.20% 
Cereal P 0.42 % 


60 

10.83 : 1 

13.40 : 1 

120 

7.38 : 1 

9.67 : 1 

240 

3.57 : 1 

5.13 : 1 

480 

1.93 : 1 

2.77 : 1 


y = 36.72 -f .006X 

y = 32.86 + .005X 


y = per centJt)one ashj X = A.O.A.C. units of vit. D from C.L.O. 


ash that may be expected when the level of vitamin D fed is 
increased above the minimuip requirement, is quite small. Two 
other facts are brought out by experiment 2. First, on both 
diets 60 units of vitamin Dg supported better calcification than 
did 480 units of vitamin D from cod liver oil, and second, 60 
units of vitamin D from either source produced as good calci- 
fication in experiment 2 as 80 units of vitamin D from the same 
sources in experiment 1. 


DISCUSSION 

, That the vitamin D requirements of turkeys, or of all birds 
and animals for that matter, are intimately associated with 
the levels of and the ratio between calcium and phosphorus is 
a generally accepted fact. It is not so well known, however, 
that the turkey can make little use, for bone calcification, of 
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mucb of the phosphorus contained in the cereals an^ cereal 
by-products, and that this may influence the vitamin D “re- 
quirement” just as much as the total level of this minerah 
Certainly the results obtained with lots 1 and 7 in experiment 
1 suggest that 80 units of vitamin D per 100 gm Of ration is 
entirely adequate for the turkey. Yet lots 4, 5 and 11 contained 
several markedly rachitic birds despite the fact that the total 
mineral and vitamin D intake was essentially the same as 
that of lots 1 and 7. Increasing the vitamin D to 480 units per 
100 gm of feed (expt. 2) eliminated external symptoms of 
rickets but increased bone ash an average of only 2.45% where- 
as sn increase of 0.11% of non-cereal P (expt. 1, lots 4 and 5, 
and'lO and 11) increased bone ash 4.10%. The primary prob- 
lem of bone calcification in the poult appears therefore, to be 
one of mineral source and level with the logical and most ef- 
fective solution coming through this channel rather than 
through manipulation of the vitamin D level. 

It has been pointed out by Matterson, Scott and Singsen 
(’46) and confirmed by the experiments reported here, that 
many of the discrepancies which appear in the literature as 
to the vitamin D requirement of turkey poults can be explained 
in part at least, on the basis of the availability of the phos- 
phorus used in the ration. This relationship is shown clearly 
by plotting the per cent bone ash against the logarithm of 
the non-cereal phosphorus in the ration (fig. 1). When the 
ration contains 0.20 to 0.67% of non-cereal phosphorus, the 
increase in bone ash is a straight-line function of the logarithm 
of the non-cereal phosphorus in the diet. If we assume that 
an average bone ash level of 40%, although far from repre- 
senting maximum storage of minerals in the bone, represents 
a nxinimum practical level of calcification which will prevent 
rickets, then one may easily calculate from figure 1 that the 
diet must contain not less than 0.306 and 0.385% non-cereal 
phosphorus with 80 units of vitamin D per 100 gm of feed 
fr<Mn Dg and cod liver oil, respectively. This assumes, of 
course, a total phosphorus level of approximately 0.65%. In 
terms of non-cereal phosphorus the difference between the two 
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sources of vitamin D is approximately 26% at this level of 
mineral intake. The percentage difference between the two 
sources of vitamin D decreases as the level of total non-cereal 
phosphorus in the diet increases. Although relatively large 
increases in cereal phosphorus (expt. 1, lots 6 and 12) will 
promote fair calcification when the diet contains vitamin Dg, 
this is not true when cod liver oil is used as the source of yita- 
min D. It is of interest to consider for a moment just what 
this observation implies. If approximately 75% of the addi- 
tional 0.17% cereal phosphorus fed lots 6 and 12 (expt. 1) is 
phytin, then these lots received about 0.04% additional non- 
phytin phosphorus of cereal origin. While it is conceivable 
that this amount of available phosphorus could account for 
the slight increase in bone ash noted between lots 5 and 6, 
(1.2% ) it could scarcely account for the increase noted between 
lots 11 and 12 (4.8%). This certainly suggests that the action 
of the vitamin Dg involved the phytin as well as the non-phytin 
phosphorus whereas that of cod liver oil probably involved 
only the non-phytin phosphorus. The results obtained with 
cod liver oil in these experiments indicate that although small 
amounts of the phosphorus contributed to the diet by the cereal 
ingredients may be utilized for calcification, most of it cannot 
be used for this purpose. This finding is in agreement with 
the work of Matterson, Scptt and Singsen (’46) who used 
commercial calcium-magnesium phytate, isolated from corn, 
as the source of dietary phosphorus. Furthermore, the trend 
of the difference existing between the two sources of vitamin 
D was similar in both series of experiments. It seems entirely 
reasonable to conclude, therefore, that the poor utilization of 
phosphorus by the poult is attributable to the inability of this 
species to use phytin phosphorus for bone calcification, and 
that the greater efficacy of vitamin Dg as compared to cod liver 
oil is due in part at least to its effect upon the utilization of 
phytin phosphorus. 

Variations in growth in both experiments are relatively 
small and are not related to variations in the source of phos- 
phorus in the diet. Since it is well known that 0.20% total 
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phosphorus will neither support life nor growth with turkey 
poults, it is obvious that the cereal phosphorus, largely in the 
•form of phytin, is being used by the body to carry on the 
metabolic processes necessary for growth. These findings are 
in agreement with those of Singsen (’45) for the chick. If 
decreases in growth do occur in the field, they are probably 
the result of low feed intake due to rickets and the resultant 
disinclination to move rather than to metabolic inability to 
grow. The fact that the birds continue to grow simply ag- 
gravates the rachitic condition. 

CONCLUSIONS 

On the basis of the data presented here, the following con- 
clusions seem justified. 

1. Approximately 0.65% of non-cereal phosphorus in the 
diet will satisfactorily support growth and bone calcification 
in the poult. 

2. Under practical conditions 0.40% non-cereal phosphorus 
will support adequate calcification and maximum growth with 
either source of vitamin D, provided the diet contains not 
less than 0.65% total phosphorus. 

3. The vitamin D requirement of the poult, in the presence 
of adequate available phosphorus and a Ca : P ratio of ap- 
proximately 2.5 : 1 is not more than 80 and may be less than 
60 A.O.A.C. chick units per 100 gm of diet. 

4. When the levels of calcium, vitamin D and total phos- 
phorus are held constant, the per cent bone ash decreases with 
increasing amounts of cereal phosphorus. 

5. The phosphorus of a mixture of corn, wheat middlings 
and wheat bran is relatively unavailable to the poult for bone 
calcification. 

6. The per cent bone ash obtained is a straight line function 
of the logarithm of thb non-cereal phosphorus when the diet 
contains from 0.20 to 0.67% non-cereal phosphorus, approxi- 
mately 0.67% total phosphorus, and 80 imits of vitamin D per 
100 gm of <Ket. 
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7. Vitamin Dg is more effective than the vitamin D from cod 
liver oil in promoting calcification in poults receiving a diet 
relatively high in cereal phosphorus and low in non-cereal 
phosphorus. The difference in efficacy between the two sources 
of vitamin D decreased as the level of non-cereal phosphorus 
in the diet increased. 

8. The efficacy ratio between vitamin Dg and the vitamin D 
of cod liver oil is conditioned by the level and source of phos- 
phorus in the diet as well as the level of vitamin D fed. 

9. Increasing the level of vitamin D eight-fold (60 to 480 
units) is less effective in improving hone calcification than a 
0.11% increase of the non-cereal phosphorus. 

10. Cereal phosphorus will support growth which is maxi- 
mum for the diet and the strain of poults used. 
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Attempts to produce a deficiency state in mice by means of 
diets deficient in zinc have been made by Bertrand and Benzon 
(’22), McHargue (’26), Hubbell and Mendel (’27) and Ber- 
trand and Bhattacherjee (’35). These experiments were un- 
successful either because the diets were not low enough in 
zinc or they were incomplete in other respects. 

Several investigations based on the use of rats have been 
successful in the production of an unquestionable zinc-defi- 
ciency state, as summarized in a recent review (Hegsted, 
McKibbin and Drinker, ’45). If the diet is extremely deficient 
in zinc growth is markedly impaired (Hove, Elvehjem and 
Hart, ’38) ; certain specific pathological changes occur (Follis, 
Day and McCollum, ’41) and one enzyme system, the phos- 
phatases, is atfected (Hegsted et al., ’45). 

Although it appears probable that no primary differences 
occur between rats and mice in respect to the nutritional role 
of zinc, it is desirable to have direct experimental evidence 

^ Supported, in part, by Grant no. 605 of the Committee of Scientific Research, 
American Medical Association. 

Some of the data in this paper were reported in abstract form in Federation 
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concerning both species. In addition, mice require relatively 
little food and space. 

A logical procedure in attempting to elucidate the nutri- 
tional role of zinc is to systematically test the activity of 
different enzyme systems and hormonal functions in zinc- 
deficient animals. Schultze and Kuiken (’41) found that cata- 
lase, which is an iron porphyrin complex, is much decreased in 
activity by feeding a copper-deficient diet. In addition. Coulter 
and Stone (’38) and Kapp (’39) have each reported the 
isolation of a zinc porphyrin compound from biological ma- 
terial. Therefore, in addition to certain other observations, 
it was of interest to determine whether a deficiency of zinc 
would affect the catalase activity of selected tissues. 

METHODS 

Diet 

The preparation and composition of the zinc-deficient 
diet was the same as described by Day and McCollum ( ’40) 
in studies with rats except that the level of the purified casein 
hydrolysate was 18% and no egg white was used. Owing 
to the difficulties of determining zinc quantitatively when the 
concentration is exceedingly low it can only be estimated that 
the diet contained not more than 0.3 parts per million of zinc, 
as determined by the Caughey, Holland and Ritchie (’38) 
method. 

The nutritional adequacy of the diet, when supplemented 
with zinc, was proved by its ability to promote good growth 
and well being over long periods of time. 

Care of the animals 

Mice of the CHI strain “ were used throughout. Individual 
litters, with their mothers, were removed from the stock 
breeder cages when they were 16-18 days old and placed in 
zinc-free cages containing acid-washed filter paper. The zinc- 

* TJw) l^reeding stock was obtained from Dr. L. C. Strong of the Yale University 
School of Medicine. 
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low diet was furnished. After 7 to 10 days the mother was re- 
turned to the stock colony and the litter was divided as equally 
as possible with regard to weight and sex. 

The cages consisted of 10-liter glazed stone jars each con- 
taining a 3-inesh monel metal floor raised 1 inch above the 
bottom of the jar. Small pyrex glass food cups and drinking 
tubes were used. The water was distilled in pyrex glass. 
The cages were washed frequentlj' and rinsed Avilh hot zinc- 
free water, rontaniination of the animals by dust and other 
])ossihle extraneous sources of zinc Avas aAmided as much as 
])Ossible by keeping them in a room reserA^ed for that purpose. 

Zinc, as zinc sulfate, was given to the control animals each 
day by pi])etting 0.2 ml of an aqueous solution onto the food. 
This furuished 40 pg of zinc per mouse. 

Detenu hiaf ion of eatahise oefirif/f 

Zinc-deficient mice and their controls AA’ere lightly anaesthet- 
ized by ether and decajiitated. Tavo 0.1 ml alicpiots of the shed 
blood Avere each ])ipetted immediately into 10.0 ml of re- 
distilled Avater. These stock dilutions Avere further diluted 
immediately before making the catalase determinations. 

The liver and kidneys Avere removed immediately, rinsed, 
blotted with ash-free paper, Aveighed, and ground to a thin 
paste in a zinc-free mortar. Then each tissue aa’us diluted 
so that 1 ml contained 10 mg of tissue. After being refrig- 
erated for about 10 hours the sanqiles were centrifuged and 
the supernatant liquids were used for catalase determinations. 
The kidney supernatant Avas used Avithoiit further dilution 
but the liver Avas diluted again, 4 ml of liver supernatant to 
G ml of Avater. 

Catalase determinations Avere made in accordance AA'ith the 
method of Schultze and Kuiken (’41) except that the reaction 
interval was 6 minutes instead of 2. The catalase actiAuty of 
liver and kidney was expressed in terms of the nitrogen 
content of the samples analyzed, instead of the dry weight. 
Greenstein et al. (’42) and some others have folloAA'ed this 
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practice. Therefore, all the diluted liver and kidney samples 
were analyzed for total nitrogen, using a conventional micro- 
Kjeldahl method. 

RESULTS 

Growth and survival 

About 170 mice were used in experiments which resulted 
in significant growth data. Impairment of growth in young 
mice on the zinc-deficient diet became manifest within 2 weeks. 
After 5 to 7 weeks surviving animals had practically ceased 
to grow. This was usually followed by loss of weight and 
eventual death. Figure 1 illustrates the effects on growth. 



Zn + 


Zn- 


Fig. 1 Effect of dielarj" zinc deficiency upon the growth of young male mice. 
The growth of females is qualitatively the same. 


Approximately 18% of the animals on the zinc-deficient 
diet failed to survive more than 8 weeks. This figure is based 
on the records from 125 mice. The survival of controls (45 
animals) was 100%. Most of the fatalities occurred between 
the third and fifth weeks. 

Within the first 2 to 3 weeks the zinc-deficient mice showed 
signs of progressive emaciation ; the coat became greasy and 
unkempt ; and loss of hair from the top of the head, neck and 
shoulders occurred in approximately 50%. Whether the 
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alopecia was directly related to the zinc deficiency is regarded 
as questionable. It may be significant that the affected parts 
were only those that can not bo licked by the animals. The 
general appearance of the mice is illustrated in figure 2. 
Supplemeutation of the diet with inositol (0.5 mg p(ir mouse 
per day) did not affect the alopecia. 

Analyses of tlie bones (femurs and tibia-fibulas) by standard 
rnetiiods (Day and Follis, ’41) showed that the percentage 



Fig. 2 The two male mice are littonnates. They were on the zinc-defieient diet 
28 days, but the lower one received 40 Mg of zinc per day added to the food as 
zinc sulfate. 
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of bone ash was not changed by zinc deficiency although the 
total weight of ash was markedly reduced, as shown in table 1. 

Also, the growth of the liver and kidneys was correspond- 
ingly decreased by the deficiency (table 1). All the evidence 
indicated that the lack of zinc had a generalized effect on 
growth and that the element probably is essential in many, if 
not all, structures of the body. 


TABLE 1 

Effect of ::inc deficiency on the mineralization of hone and the growth of liver 

and kidneys. 


NO MIOK 

AND SMX 

DAY>5 ON 
DIKT 

L.IVER 

KIDNKY 

Ash 

BONE 1 

% Ash 




grn 

ffjn 

Wff 





Zinc-deficient 



]() 

M 

30 

0.69 

0.16 

37.8 

50.2 ± 2.3 

6 

F 

81 

0.74 

0.17 

38.5 

52.2 ± 4.1 




Zinc- 

ndded 



9 

M 

30 

1.27 

0.26 

47.5 

48.9 ± 2.7 

5 

F 

31 

1.30 

0.22 

45.3 

48.9 ± 4.8 


^ Femurs, tibias and fibulas combined. 

® Average deviation of a single determination from the arithmetical mean. 


Effects of cadmium 

Owing to the close chemical similarities between zinc and 
cadmium tests were made to determine the effects of the latter 
on the growth of zinc-deficient mice. The dosage of cadmium, 
as cadmium sulfate, was 4 gg jier mouse per day. The element 
was without ability to substitute for zinc, as indicated by the 
growth data from 21 animals. 

Catalasfi 

Table 2 summarizes tbe results of the catalase determina- 
tions. The catalase activity of liver and kidney was markedly 
decreased in both males and females on the zinc-deficient 
diet, as shown by comparison with controls given the same diet 
with zinc added and by comparison with others on a stock 
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diet. This difference was substantially the same whether 
expressed in terms of tissue nitrogen, dry weight or wet 
weight. The blood catalase activity was not changed. 

In a number of cases the effect of added zinc, as zinc sulfate, 
was determined. The results, given in figure 3, represent the 

TABLE 2 


Effects of sine deficiency on the catalase activity of mouse livery Jcidneys (md blood. 


DIET 

NO. MIOB 
AND SEX 

DATS ON 
DIET 

WT. GAIN 
WHILE ON 
DIET 

LIVER KIDNEYS BLOOD 

ml 0.02 N HgOa decomposed per 
mg N mg N ml blood 





gm 




Zn — 

14 

M 

27 

1.7 

95 

129 

3037 

2n-f 

15 

M 

27 

9.8 

187 

174 

3133 

Stock 

4 

M 



170 

178 

3247 

Zn — 

10 

F 

26 

1.8 

77 

74 

2916 

Zn-f 

4 

F 

26 

10.5 

149 

90 

2790 

Stock 

3 

F 



140 

120 

3178 



mM Zinc (as Zn SQ4) 

Fig. 3 The effect of zinc, added as zinc sulfate, on the catalase activity of 
liver from zinc>deflcient mice and from controls receiving zinc in the diet. 


general findings when liver is used. There was no appreciable 
change in the liver catalase activity either in zinc-deficient 
or control mice when zinc sulfate was added in amounts rang- 
ing from 0 to 0.37 mm of zinc. Considerably larger concen- 
trations of zinc caused a slight decrease in the activity. 
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The large sexual difference with respect to the catalase ac- 
tivity of liver and kidney, shown in table 2, confirms the results 
reported by Schultze and Kuiken ( ’41). The values were high- 
est in the males. 

Liver esterase 

No changes were found in the activity of liver esterase, as 
determined by the method of Harrer and King (’41). The 
average value for liver from zinc-deficient mice was 0.81, ex- 
pressed as ml of 0.01 N alkali per mg of dry tissue, per 10 
minutes. The average for control animals was 0.77. The 
activity of this enzyme decreases in ascorbic acid deficiency 
(Harrar and King, ’41) and in some other deficiency states. 

Riboflavin ® 

Owing to corneal changes which appeared to simulate those 
seen in riboflavin deficiency (Follis et al., ’41 ) it was believed 
that a deficiency of zinc might atfect the metabolism of ribo- 
flavin and that changes in the concentration of this vitamin 
in the tissues might occur. However, the riboflavin content of 
liver and kidney of zinc-deficient mice, as determined by 
microbiological assay (Snell and Strong, ’39) was the ss^me 
as in the controls. 

Teeth * 

Histological examinations were made of the teeth from 
zinc-deficient mice and their controls.® Over 20 animals were 
examined. Four of the mice had been on the zinc-deficient diet 
89 days. Although weanling mice invariably failed to sur- 
vive that long on the diet these 4 were exceptions. They were 
37 days old before being restricted to the zinc-deficient diet. 

*The riboflavin determinations were made by Dr. Kenneth P, Broshears and 
I>r. It. S. McClung to whom we are indebted. 

*The authors deeply apprekate the help Dr. Schour rendered in making this 
part of the investigation possible. 

•This was done by Dr. Isaac Schour of the University of Illinois College of 
Dentistry. The animals were killed at Bloomington and preserved in formalin 
before being sent to Dr. Schour. 
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No changes in enamel or dentin were found in either the 
incisors or molars. The average length of time on the experi- 
mental diets was approximately 47 days. All mice deprived of 
zinc were extremely deficient as indicated by their appearance, 
poor growth, and the catalase activity of their livers and 
kidneys. 

DISCUSSION 

The observations recorded here, in addition to those else- 
where concerning the effects of zinc deficiency upon the rat 
(Hegsted et al,, ’45) demonstrate the essentiality of zinc 
for higher animals. The results show liver and kidney catalase 
must now be added to the very small list of enzyme systems 
known to be affected by this deficiency. However, the investi- 
gations to date have not revealed any biochemical lesions or 
pathological effects of such magnitude that they would seem 
to be fully accountable for the baneful effects of extreme zinc 
deficiency. 

Debilitating conditions in general do not all affect the 
catalase activity of tissues. Our unpublished results with rats 
made extremely deficient in folic acid by the addition of 
succinylsulfathiazole to a purified diet has shown that the 
catalase activity of liver, kidney and blood is not decreased. 
Lepkovsky and Parsons ( ’43) found no decrease in the activity 
of this enzyme in pyridoxine-deficient rats. Also, starvation 
up to 3 days does not affect liver catalase activity (Green- 
stein et al., ’42). 

Some instances of marked differences between tissues with 
respect to the degree of change in catalase activity may be 
found in the literature. Schultze and Kuiken (’41) reported 
that the catalase of blood, as well as that of liver and kidney, 
underwent a marked decrease in activity when the animals 
were deficient in either copper or iron. However, the activity 
of catalase in the ventricles was increased in copper de- 
ficiency. Greenstein et al. ( ’42) observed no decrease in blood 
catalase activity of tumor-bearing mice and rats even though 
the activity of the enzyme in the liver and kidneys was greatly 
decreased. 
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The function of zinc in affecting catalase must be regarded 
as indirect because the addition of zinc salts to tissue prepa- 
rations from zinc-deficient mice does not increase the catalase 
activity. Further evidence in this direction is the fact that none 
of the crystalline catalase enzymes investigated have been 
found to contain zinc. 

No evidence is available to explain the decrease in catalase 
activity. It might be due to a general decrease in the rate of 
production ; but if this were true the activity of blood catalase 
should also decline. Another consideration is that the catalase 
in liver and kidney is not the same as that in blood. Some 
support of this hypothesis is afforded by Sumner, Bounce 
and Prampton’s (’40) discussion of the possible occurrence 
of several catalases differing in activity which, it is suggested, 
might “result from enz3Tne action in the liver (or kidneys) of 
an animal before or after death.’’ On this basis it is possible 
that the catalase in the liver and kidneys of the zinc-deficient 
mice consisted of less active enzyme components than the cata- 
lase in corresponding tissues of the control animals. If sufli- 
cient quantities of tissue material from zinc-deficient animals 
could be secured it would be interesting to test this hypothesis 
by attempting to concentrate the enzyme (s) and compare the 
“Kat.f.” of such catalase with that from control animals. 

SUMMARY 

Weanling mice on an extremely zinc-deficient diet were 
greatly retarded in the rate of growth. A considerable per- 
centage failed to survive more than 8 weeks. The animals 
became emaciated, lost hair from the shoulders and back of 
the neck, but no truly distinctive gross symptoms were noted. 
This is regarded as evidence that in nutrition zinc has diverse 
functions. 

The catalase activity, ^f the liver and kidneys was markedly 
reduced. Blood catalase was not affected. The addition of 
zinc salts to the tissue preparations did not appreciably affect 
the catalase activity. 
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No changes occurred in liver esterase and in the concentra- 
tion of riboflavin in liver and kidneys. 

Histological investigations of the teeth failed to reveal 
any evidence of change attributable to the lack of zinc. 
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SEASONAL VARIATIONS IN THE VITAMIN A 
AND THE CAROTENE CONTENT OF 
RETAIL BUTTERS^ 


H, A. ELLENBEEGEE, N. B. GUERBANT AND 0. B. FAEDIG 
The Pennsylvania State College, State College 

THREE FIGURES 

(Keceived for publication August 27, 1946) 


Early in 1941 the Office of Experiment Stations in Wash- 
ington, D, C., invited the State Agricultural Experiment Sta- 
tions to cooperate in a nation-wide study relative to the 
carotene and the vitamin A content of butters produced 
throughout the country. To date, reports have been published 
by the following collaborating laboratories: Wisconsin (Berl 
and Peterson, ’43) ; Minnesota ( Jenness and Palmer, ’45) ; 
IT. S. Dept. Agric., ’45 ; and Kansas (Parrish, Martin, Atkeson 
and Hughes, ’46). 

The study described in the present paper was a part of the 
national cooperative project and was designed to yield in- 
formation regarding seasonal fluctuations in carotene and in 
vitamin A in typical market butters as purchased on the 
Pennsylvania retail market. 

EXPEBIMBNTAL 

Collection of samples 

The butters used in this study consisted of 5 nationally- 
advertized brands and 1 brand produced by a local 

'Authorized for publication on August 22, 1946, as paper No. 1338 in the 
Journal Series of the Pennsylvania Agricultural Experiment Station. 
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creamery. The nationally-advertized butters were purchased 
on the retail market while the product of the lo^al creamery 
was purchased directly from the creamery. In general, the 
samples were purchased semi-monthly. Whenever possible, 

1 sample of each product was purchased in the first half and 
the second sample in the last half of each month. Because of 
the limited available supply of butter during certain portions 
of the period of investigation, it was not always possible to 
obtain 2 samples of each brand of butter in a g^ven month. 
To make the study more complete, samples of the respective 
butters which were not available during the current year were 
purchased during the corresponding weeks and months of the 
following year. The investigation, therefore, extended for 

2 years, from October 1943 to October 1945. 

All samples of butter were scored for quality by repre- 
sentatives of the Division of Dairy Manufacturing previous 
to being assayed. The butters, on being received at the labora- 
tory, were allowed to stand at room temperature until suf- 
ficiently warm to permit thorough mixing. The mixing was 
conducted in a porcelain evaporating dish by means of a 
porcelain spatula. The butter samples were then placed in 
airtight glass jars and stored in a refrigerator at 5°C. until 
they could be assayed. 

Methods of analysis 

All samples were analyzed for vitamin A and for carotene 
by the procedures described by Koehn and Sherman (’40) 
after certain modifications as recommended by the Technical 
Committee appointed for the National Project by the Agri- 
cultural Eesearch Administration. These methods have been 
outlined in considerable detail by Jenness and Palmer (’45). 
Since the sources of some of the butter samples were un- 
known, 92% methanol >?;gs used throughout the investigation 
to extract the noncarotepe pigments. Light transmission 
measurements were made by means of an Evelyn photoelectric 
colorimeter, using a 620 mji filter for vitamin A measurements 
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and a 440 mp filter for establishing the vitamin A correction 
factor and for beta carotene measurements. Concentrations 
of vitamin A and carotene were determined by use of 
standard reference curves prepared with crystalline vitamin 
A alcohol and with crystalline beta carotene. 

DATA 

The results of this investigation are presented in condensed 
form in figures 1-3, inclusive. 

DISCUSSION 

Methods of analysis 

While carotene and vitamin A were determined by the assay 
procedures indicated above, certain tests were made during 
the course of the investigation for the purpose of ascertaining 
the possible effects of certain variations in laboratory pro- 
cedures, reagents, etc., on the results of the assay. The results 
of some of these observations appear to merit mention. 

Eeports have appeared in the literature relative to the 
merits of 92% methanol or of 94% diacetone alcohol in the 
phasic separation and the use of a chromatographic procedure 
for separating the noncarotene pigments from beta carotene 
when the carotene is dissolved in petroleum ether or in 
Skellysolve (Berl and Peterson, ’43 ; Hauge, Westfall, Wilbur 
and Hilton, ’44; and Zscheile, Nash, Henry and Green, ’44). 
Investigations carried out along this line, using a limited 
number of samples of butter, revealed that when the solutions 
were extracted with 94% diacetone alcohol approximately 
11% less pigment remained than when the extraction was 
made with 92% methanol (for example, 4.71 Mg of carotene 
per gm as against 5.31 Mg per gm). Furthermore, in the 
chromatographic procedure, where dicalcium phosphate was 
used as the adsorbing agent, 10% less pigment remained than 
when the extraction was made with 92% methanol (for ex- 
ample, 5.56 Mg per gm against 6.17 Mg per gm). While it cannot 
be said that these findings will apply to all types of butters, 



42 


H. A. EtLBNBBUQEB AND OTHEBS 


these results are in general agreement with those reported 
by the above investigators. 

Some observations were made regarding the effect of using 
antimony trichloride reagent of variable degrees of fresh- 
ness. In the studies herein reported the reagent was always 
stored in a brown, glass-stoppered bottle in a dark compart- 
ment of the laboratory desk. After several months of storage, 
it was found that the reagent yielded results comparable with 
those obtained with the freshly-prepared' reagent. This is 
contrary to the findings of Edisbury ( ’40) but agrees with the 
fi n ding s of Dann and Evelyn ( ’38) and those of Benham ( ’44). 
In fact, it was observed that when the residual solution and 
undissolved crystals from several bottles of the reagent were 
combined in 1 bottle over a period of months, the combined 
reagents yielded vitamin values which agreed with those ob- 
tained when the freshly-prepared reagent was employed. 
However, as pointed out by Dann and Evelyn ( ’38), when the 
older reagent was used the blue color was observed to fade 
more rapidly. 

Peroxides, frequently present in diethyl ether, were found 
to have a marked deleterious effect on vitamin A but appeared 
to have no significant effect on carotene. This is illustrated by 
the data presented in table 1. 

TABLE 1 

Effect of using diethyl ether containing traces of peroxides in the analysis 
of hutters for vitamin A and carotene. 


OONOENTRATION (flO PER OM) 


Vitamin A Bets carotene 


NUMBER 

Peroxide* 

containing 

ether 

Peroxide- 

free 

ether 

Peroxide- 

containing 

ether 

Peroxide- 

free 

ether 


6.22 

9.82 

5.12 

5.12 

127 

4.16 

7.50 

6.17 

6.17 

128 

4.62 . 

7.44 

6 23 

6.44 


6.34 ‘ 

9.40 

6 87 



7.32 

9.48 

6.17 

5.97 

131 

6.22 

8.94 

7.92 

7.85 


5.38 

9.74 

4.74 

4.89 
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Investigations carried out for the purpose of determining 
the per cent recovery of vitamin A alcohol and beta carotene, 
when added to butter, gave somewhat varying results, but in 
general indicated that the losses were negligible. While small 
losses of added vitamin A have been reported by other in- 
vestigators (Zscheile, Henry, White, Nash, Shrewsbury and 



CONCENTRATION IN MICROGRAMS PER MILLILITER 


Fig. 1 Concentration curves used in evaluating the carotene and the vitamin A 
content of butters. The concentration of beta carotene was measured while using 
a 440 nv* filter and that of vitamin A-antimony trichloride reaction product with 
a 620 m/& filter. 


/t 

Hauge, ’44; and Jenness and Palmer, ’45), the results re- 
ported in this publication have not been corrected for loss of 
vitamin during analysis inasmuch as no appreciable loss was 
detected. 

The standard curves used in evaluating the vitamin values 
reported at this time are g^iven in figure 1. The K values for 
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these curves when calculated between 30 and 80% trans- 
mission were 14.86 for vitamin A alcohol-antimony trichloride 
reaction product, 2.77 for beta carotene in Skellysolve B, and 
3.15 for beta carotene in chloroform, where K equals concen- 
tration in micrograms per milliliter divided by 2-log G 
(Galvanometer reading). Slightly different standard curves 
were used in evaluating the potencies of butters reported in 
a previous publication (U. S. Dept. Agric, Misc. Pub. No. 
571, ’45). 

Before evaluating accurately the probable nutritional value 
of butter from its reported vitamin A and carotene content, 
one must recognize the following sources of error: (a) lack 
of complete separation of beta carotene from contaminating 
pigments, (b) lack of a satisfactory vitamin A standard in 
terms of which biological values may be expressed, and (c) 
lack of definite conversion factors which may be used to con- 
vert physical measurement data into biological units. Some of 
the difficulties encountered in attempts to separate beta caro- 
tene quantitatively from contaminating pigments by phasic 
separation and by chromatographic procedures have been in- 
dicated above. In addition to existing limitations, neither of 
these procedures is expected to separate quantitatively beta 
carotene from alpha carotene, cryptoxanthin and other caro- 
tenoids having lower biological values. Gridgeman ( ’44) has 
reviewed much of the published literature relative to the 
variability of the proposed vitamin A and carotene standards 
as well as that relating to some of the suggested conversion 
factors. The authors have determined the extinction co- 
efficients of numerous samples of what was supposed to be 
pure crystalline vitamin A alcohol and pure crystalline beta 
carotene as purchased from supply houses. The results of 
these measurements showed E at 328 mM ranging from 
1320 to 1990 for vitamin A alcohol and E at 450 mp from 
2000 to 2590 for beta earotene. The differences in the extinc- 
tion coefficients of the contents of vials having the same con- 
trol number was invariably less than the differences between 
vials having different controh numbers. 
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The vitamin A values herein reported have been corrected 
for the presence of carotene in the test solution by applying 
the correction factor 0.007 as directed by the Technical Com- 
mittee on Methods for this general project. However, when 
solutions of beta carotene in chloroform, ranging in concen- 
tration from 10 to 22 pg per ml, were prepared and the effect 
of the antimony trichloride reagent tested as suggested, the 
results indicated a correction factor of 0.004. Berl and Peter- 
son ( ’43) had previously reported the correction factor to be 
0.007, while Parrish, Martin, Atkeson and Hughes ( ’46) have 
more recently reported this factor to be 0.005. However, any 
correction factor determined as indicated above does not take 
into consideration any SbCls-reaction product that may be 
formed by some of the pigments other than beta carotene 
known to be present in butter. Furthermore, the presence of 
different amounts of these pigments in butter would be ex- 
pected to lead to correction factors different from those indi- 
cated above. The authors are of the opinion that errors in 
assay values arising from these sources are also worthy of 
consideration. 


Results of butter analysis 

The seasonal variations in the vitamin A and carotene con- 
tent of butters purchased on the local retail market, as demon- 
strated by the examination of 142 samples over a period of 
2 years, are shown by the data presented in figure 2. In this 
figure, the five nationally-advertized butters are indicated by 
numbers 1-5, inclusive, while the butter from the local cream- 
ery is designated as butter number 6. An examination of 
these data as they are related to butter score indicated that 
there was no apparent relationship between the usual quality 
score and the vitamin content of the respective butters. These 
observations are in agreement with those of Berl and Peter- 
son (’43) and also those of Parrish, Martin, Atkeson and 
Hughes (’46). 

Some interesting generalizations concerning the relation- 
ship and the variability of vitamin A and carotene in the 
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nationally-advertized butters may be drawn as the result of 
further examination of the data presented in figure 2. It is 
found that the average vitamin A content of the 5 butters 
during the months of January-June, inclusive, was 0.526 mg 
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2 Seasonal variations in the carotene and the vitamin A content of 
butters as purchased on the retail maricet. 
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per 100 gm of butter while the average vitamin A content of 
the same butters during the months of July-December, in- 
clusive, was 0.857 mg per 100 gm. Accordingly, ‘ ‘ summer- 
fall” butters contained an average of 63% more vitamin A 
than “winter-spring” butters. Likewise, it is found that the 
average carotene content of the 5 nationally-advertized but- 
ters during the months of January--June, inclusive, was 
0.244 mg per 100 gm of butter, whereas the average carotene 
content of the same butters for the remaining 6 months of 
the year was 0.625 mg per 100 gm. These “summer-fall” 
butters therefore contained an average of 165% more caro- 
tene than the corresponding “winter-spring” butters. When 
one considers 1 ng of vitamin A equivalent to 4 1.U. and 1 Mg 
of the above carotene equal to 1.67 I.U., these data reveal that 
the average vitamin A potency of these butters exceeded the 
carotene equivalent during the months of January- June, in- 
clusive, by 416%, whereas it only exceeded the carotene 
equivalent by 228% during the remaining months of the year. 
In addition, the vitamin A content of these butters remained 
somewhat more constant throughout the year than did the 
carotene content. This is in agreement with the findings of 
others (Berl and Peterson, ’43; Jenness and Palmer, ’45; 
Lord, ’45; and Parrish, Martin, Atkeson and Hughes, ’46). 
As would be expected, similar observations have been re- 
ported for vitamin A in bovine blood plasma (Sutton and 
Soldner, ’45; and Lord, ’45). 

While the data show that there were measurable differences 
in the vitamin A and in the carotene content of different 
butters during a given month, the average vitamin values for 
the respective months indicate a definite seasonal variation 
in vitamin content. Intraseasonal variations in vitamin A 
and carotene content have been reported by Berl and Peter- 
son (’43), Jenness and Palmer (’45), and Parrish, Martin, 
Atkeson and Hughes (’46). In the present studies, however, 
there were no indications that any one butter was continually 
higher or continually lower in either vitamin A or carotene 
than other butters under investigation. 
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The data presented in figure 3 are based on the previous 
assumption that one International Unit of vitamin A is 
equivalent to the biological effect of 0.25 (ig of vitamin A 
alcohol (Berl and Peterson, ’43) or to 0,6 Mg of beta carotene 
(Quart. Bull. Health Organization, League of Nations 4, 431, 



1934). However, biological assays conducted in this labora- 
tory do not substantiate this relationship for vitamin A 
alcohol, the alcohol bekig somewhat less potent than the above 
figure would indicate. The butter purchased from the local 
creamery had the lowest vitamin potency during the months 
of February, March and April with the potency showing a 
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rapid rise during May and June, with further but more grad- 
ual increases in potency during July, August and September. 
The highest potency occurred in October. The 5 commercial 
butters showed the lowest potency during the months of 
March, April and May with the potency rising rapidly during 
June and July, a tapering otf in the rate of increase during 
August and September, with the highest potency likewise 
occurring in October. Perhaps it should be expected that 
these butters would reach their peak in vitamin potency in 
November, considering the delay observed in the rate of 
vitamin enrichment during the spring months. Although the 
data show that the biological potencies of the butters increased 
during the months of June, July, August and September, with 
the highest potency occurring in October, the data also reveal 
that the amount of potency attributable to carotene was some- 
what less during August and September than during either 
July or October. Perhaps this reflects the carotene content 
of the dairy ration. 

The average vitamin A potency of the 6 brands of butter 
for the year was found to be 15,640 1.U. per pound. Consider- 
ing the possible differences in standards used, this value com- 
pares favorably with those reported in the literature. Of this 
potency, 12,290 I.TJ. were calculated as having been contributed 
by vitamin A, while 3,350 I.TJ. were contributed by carotene. 

The data regarding seasonal variation in the vitamin 
A potency of the butter purchased at the local creamery are 
in agreement with the data reported elsewhere concerning 
similar butters (Jenness and Palmer, ’45; Lord, ’45; and 
Parrish, Martin, Atkeson and Hughes, ’46). Inasmuch as the 
over-all seasonal variation in the vitamin potency of the 
commercial butters paralleled the variations in the vitamin 
potency of the fresh butter obtained from the local creamery, 
these data indicate that, during the period of this study, com- 
mercial butters moved from manufacturer to consumer with- 
out delay. When possible differences in the vitamin standards 
used by different investigators are taken into consideration, 
these data further reveal that the total vitamin A potencies 
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of the 5 commercial butters herein reported compare favorably 
with those values reported for butter t^en at the point of 
manufacture. This would tend to show that no significant loss 
in vitamin potency takes place during the nomoial period of 
time required for butter to pass from the manufacturer to 
the consumer. The present findings regarding this matter are 
in full agreement with the summarized results thus far re- 
ported by collaborators participating in the national butter 
project. 

SUMMARY 

A study of the seasonal variations in the vitamin A and 
carotene of commercial butter as purchased on the Pennsyl- 
vania market is described. In the course of a 2-year period 
more than 140 samples of butter were assayed. These samples 
represented 5 nationally-advertized brands of butter pur- 
chased on the retail market and 1 brand purchased at a 
local creamery. 

Preliminary to and during the course of these assays, 
studies relating to methodology were carried out for the 
purpose of checking or improving methods of assay. The 
results of these studies are summarized as follows : 

1. Freshly-prepared solutions of the antimony trichloride 
reagent and solutions which had been prepared for several 
months yielded essentially the same vitamin A values when 
used with the same butters. 

2. In the analysis of butter, the 94% diacetone alcohol pro- 
cedure and the chromatographic procedure for eliminating 
the noncarotene pigments yielded lower carotene values than 
did the procedure in which 92% methanol was used. 

3. Peroxides, frequently found in diethyl ether, were found 
to exert a marked deleterious effect on vitamin A stability 
but appeared to have no effect on carotene stability during 
the usual course of the assay. 

4. Some of the vitamin A standards and carotene standards 
in use at the present time were found to vary with respect 
to their extinction coefficients. 



VITAMIN A CONTENT OF RETAIL BUTTERS 


51 


5. Although distinct seasonal variations in the carotene 
and vitamin A content of butters as purchased on the retail 
market in Pennsylvania were noted, there was no indication 
that any one brand of butter was constantly higher or con- 
stantly lower than other brands with respect to either vitamin 
A or carotene. 

6. With few exceptions, the vitamin A content of butter was 
found to exceed the carotene content (in terms of both weight 
of material present and International Unit equivalent) at all 
seasons of the year and also showed less seasonal variation. 

7. The average yearly vitamin potency of the 6 brands of 
butter was found to be 15,640 I.U. per pound. 

8. A comparison of the seasonal vitamin A potencies of 
the commercial butters with those of the butter from the 
local creamery and with vitamin values reported in the litera- 
ture for fresh butters indicated that during the course of this 
study the vitamin content of butter was relatively stable and 
that not much time elapsed from the date of manufacture until 
the butter reached the consumer. 
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It has long been recognized that the animal body is capable 
of accumulating vitamin A and that the liver is the chief 
storage site (Osborne and Mendel, ’18). Studies regarding the 
distribution of stored vitamin A in the rat’s body have shown 
that 90 to 95% is found in the liver (Sherman and Boynton, 
’25; Moore, ’31; McCoord and Luce-Clausen, ’34) and that 
the liver content of the vitamin is usually proportional to the 
intake (Baumann, Riising and Steenbock, ’34). The liver 
stores of the vitamin may indicate both the state of nutrition 
of the animal and the availability of the vitamin when admin- 
istered under different conditions. In the following pages an 
investigation of the influence of the sex of the animal, the 
level of intake, the source of the vitamin and the mode of 
administration on the storage of vitamin A in the liver of the 
rat is reported. 

PROCEDURE 

Weanling rats from our breeding colony were maintained! 
in air conditioned quarters (75°F., 40% relative humidity) on 
the U.S.P. vitamin A-free diet composed of the following in- 
gredients: purified casein, 18%; acetone-washed cornstarch, 
65% ; salt mixture, 4% (Jones and Foster, ’42) ; acetone 
washed brewer’s yeast, 8% ; cottonseed oil, 5% ; vitamin D, 
6 units per gm of ration. When their weights remained sta- 
tionary or declined for a period of 7 days they were considered 
to be depleted ; this required from 25 to 35 days. They were 
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then divided into comparable groups of 6 and treated for 3 
days with daily supplements of vitamin A. The supplements 
were administered orally by pipette unless otherwise stated. 
A short term treatment period was adopted in accordance with 
the observations that this method had given results which were 
as accurate as long term experiments (Sherman and Tod- 
hunter, ’34; Guggenheim and Koch, ’44). 

In these studies on liver storage the daily level of vitamin A 
ranged from 250 to 1000 International Units (I.U.) per rat. 
This range was arbitrarily chosen since it had been fotmd in 
preliminary work that the minimum doses required for normal 
growth did not promote any liver storage of the vitamin. To 
promote a rapid accumulation of vitamin A in the liver it was 
necessary to administer much more than the minimum re- 
quired dose. 

After the 3-day treatment the animals were rested for 1 day 
and on the fifth day were killed by decapitation. The livers 
from each group of rats were weighed, pooled, homogenized 
in a Waring blendor and samples taken for determination of 
vitamin A. In our early work determinations were made on 
individual livers but the small variations obtained did not 
justify this procedure. 

Two to 5 gm samples of liver tissue were weighed and mixed 
with 60% KOH (0.5ml/gm liver) and 95% alcohol (5.0 
ml/gm liver). The mixture was heated on a steam bath 
until saponification was complete. The samples were 
then transferred to separatory funnels, water was added 
(10.0 ml/gm liver) and the tissue extracted twice with 50 ml 
portions of peroxide-free ethyl ether. Ethyl ether was used 
because Benham ( ’44) had reported that it gave more complete 
extraction of vitamin A than petroleum ether. The ether ex- 
tract was washed thoroughly with distilled water until the 
wash water gave no color with phenolphthalein. After wash- 
ing, the extract was dried by filtering through anhydrous 
NajSO^, the ether removed by vacuum distillation and the 
residue dissolved in chloroform. The vitamin A content of 
the solution was determined by the Carr-Price reaction (Carr 
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and Price, ’26) using the Evelyn colorimeter with filter no. 620. 
One ml of the chloroform solution was dispensed into a 
standardized colorimeter tube, the tube placed in the colori- 
meter and 9 ml of a 22% solution of antimony trichloride in 
chloroform were added rapidly. A reading was taken at the 
first momentary stop of the galvanometer needle and the “L” 
value, or optical density, corresponding to the galvanometer 
reading was calculated (L = 2 — log G) . This result was then 
converted to International Units of vitamin A using a ref- 
erence curve. A vitamin A distillate (no. 78794),^ which con- 
tained 401,000 I.U. per gm was employed as a standard in 
preparing the above curve. 

Both the preparations used as supplements and the liver 
tissues were assayed by the Carr-Price method and the vita- 
min A content of each evaluated from the standard reference 
curve. All determinations were made in duplicate and re- 
peated if the deviation of duplicate values exceeded 3%. 

RESULTS 

Relation between the sex of the animal and liver 
storage of vitamin A 

Using the method described in the preceding section de- 
pleted male and female animals were treated with 500 units 
per day of the vitamin A distillate. This experiment was re- 
peated 4 times at ditferent intervals. Using the per cent of 
vitamin A stored as the criterion, no difference was found 
between the males and females; males stored 32.5% whereas 
31.5% of the ingested vitamin was found in the female livers 
(table 1). 

In 1942 Brenner et al. reported studies concerning the rela- 
tion of s6x to vitamin A storage in the white rat. Their ani- 
mals were fed 14,000 units of vitamin A daily for 35 days and 
then placed on a vitamin A-free diet. The liver stores of 
vitamin A were determined at the onset of the depletion period 
and at various intervals thereafter. The initial determina- 


^Obtained from Distillation Products, Bochester, N. Y. 
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tion showed that the livers of females contained slightly 
greater amounts of vitamin A. After 1 week on the A-free 
diet the liver stores of males were only two-thirds those of the 
females when the results were computed as units of vitamin A 
per 100 gm of body weight. When the calculations were made 
on the basis of vitamin content of the total livers the difference 
was not as marked because males have larger livers. Brenner 
and associates concluded from these data that females have a 
greater capacity for storage of vitamin A. 

TABLE 1 

Relation between sex of animal and liver storage of vitamin A. 


NO. 

RATS 

BEX 

OF 

RATS 

INTAKE OF 
VITAMIN A 
MSTIIilATB 

NO. 78794 

LIVER 

STORAOE 

OF 

VITAMIN A 

STORAGE 



I.U./day 

/.r /liver 

% 

6 

Male 

500 

417 

27.8 

4 

Male 

500 

434 

28.9 

6 

Male 

500 

567 

37.8 

6 

Male 

500 

530 

35.3 





Average 32.5 

6 

Female 

500 

364 

24.3 

8 

Female 

500 

500 

33.3 

6 

Female 

500 

520 

34.7 

6 

Female 

500 

507 

33.8 


Average 31.5 


The apparent discrepancy between Brenner’s work and the 
foregoing experiment might be explained by the longer pre- 
liminary treatment period which he used in contrast with 
the .3-day treatment employed here. 

Relation between intahe of vitamin A distillate 
no. 78794 and storage in the liver of the rat 

The following study was undertaken to determine the rela- 
tive amounts of vitamin A stored in the liver as the intake 
was increased. Daily doses ranging from 63 to 118,400 I,U. 
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per rat were administered to depleted animals and the treat- 
ment continued for 3 days. The vitamin A distillate, used as 
a standard throughout this work, was the source of vitamin A. 

The data in table 2 show that at the lowest dosage, 63 units 
per day, the per cent of the vitamin that was stored was rela- 
tively small (11.1%); but the values increased with larger 
doses until a maximum was reached at a level of 2,000 to 

TABLE 2 

Belaiion between intake of vitamin A distillate and storage in the liver of the rat* 


NO, 

OF 

BATS 

INTAKE OF 

VITAMIN A 
DISTILLATE 

NO. 78794 

LIVER 

STORAGE 

OF 

VITAMIN A 

STORAGE 


l.V./day 

I.V./hver 

% 

5 

63 

21 

11.1 

6 

125 

92 

24.5 

6 

250 

215 

28.6 

6 

500 

480 

32.0 

18 

1,000 

1,032 

34.4 

6 

2,000 

2,220 

37.0 

6 

4,000 

4,530 

37.8 

5 

8,000 

8,000 

33.3 

6 

16,000 

13,900 

29.0 

5 

32,000 

21,200 

22.1 

5 

48,000 

25,400 

17.6 

6 

64,000 

29,950 

15.6 

6 

80,000 

31,800 

13.3 

6 

118,400 

49,200 

13.9 


4,000 units per day (37%). From this point on, although an 
increase in intake produced an increase in liver vitamin A, 
the percentage stored decreased until at 118,400 units per day 
only 13.9% of the dose administered was found in the liver. 
Thus, it is apparent that raising the daily intake above the 
optimum storage level did result in an increase in the amount 
of the vitamin in the liver hut this was accompanied by a 
decrease in the percentage of the original dose that was stored. 
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Relation between the intake of vitamin A from 
various sources and storage in the liver 
of the rat 

Samples of vitamin A from varions ■sources were chosen in 
order to compare their relative storage efficiency in the liver. 
The oils tested included vitamin A distillate no. 78794 which 
has been discussed in a previous section; vitamin A acetate; 
two types of fish liver oils, halibut and cod ; and a saponified 
vitamin A concentrate. The concentrate was a fish liver oil 
which had been saponified in order to separate the vitamin A 
from impurities present in the crude oil. The unsaponifiable 
fraction which contained vitamin A in the alcohol form was 
extracted with ether and then concentrated by evaporating 
the solvent. 

Vitamin A from each of these sources was fed at 3 levels ; 
250, 500 and 1,000 units per day, and the percentage stored 
in the liver was determined. The summarized results in table 3 
indicate that with the exception of some samples of cod liver 
oil, vitamin A was stored equally well regardless of the source. 
Cod liver oil no. 92995 produced slightly lower liver stores 
of vitamin A than did the other oils administered. It has been 
reported (Oser et al., ’43; ’45) that cod liver oils are rela- 
tively unstable and tend to oxidize, which might possibly 
explain the lowered liver storage values reported here. Oser 
et al. had noted changes in the shape of the ultra-violet ab- 
sorption curve during the oxidation of vitamin A and found 
that an upswing of the left leg of the curve with a lower 
extinction coefficient at the absorption maximum of 328 mp 
was typical of oxidized vitamin A. In order to check cod liver 
oil no. 92995 for evidence of similar deterioration an ultra- 
violet absorption curve was obtained but the shape was 
characteristic of vitamin A with a peak at 327 mu, which 
seemed to indicate that no oxidative change had occurred. 
Four additional samples of cod liver oil were then selected and 
used for feeding experiments. Two of these (no. 93445, no. 
^55) produced somewhat lower liver stores while the vita- 
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min A from cod liver oils no. 7065 and no, 8945 was stored as 
well as that from other sources investigated. All cod liver oils 
were assayed by colorimetric, biological and spectrophoto- 
metric methods to insure an accurate estimate of the potency. 
Good agreement was noted between the values obtained by 
the 3 methods indicating that accurate measurements of the 
vitamin A administered had been made. 

TABLE 3 


Belation between intake of vitamin A from variovs sources and storage in the 

liver of the rat. 


NO. 

OF 

BATfl 

VITAMIN 

A 

INTAKE 

VITAMIN A 

IN 

LIVES 

STORAOE 

NO. 

OF 

RATS 

VITAMIN 

A 

INTAKE 

VITAMIN A 
IN 

LIVER 

STORAOE 


I.V.fday 

I. U. /liver 

% 


I.XJ./day 

I. V. /liver 

% 


Vit. A distillate no. 78794 


Cod liver oil 

no. 93445 


6 

250 

215 

28.6 

5 

250 

83 

11.1 

6 

500 

480 

32.0 

6 

500 

358 

23.9 

18 

1000 

1032 

34.4 

6 

1000 

755 

25.2 


Halibut liver oil no. 92295 


Cod liver oil no. 7065 


6 

250 

238 

31.7 

6 

250 

214 

28.5 

6 

500 

487 

32.5 

3 

500 

550 

36.7 

6 

1000 

1060 

35.3 

5 

1000 

835 

27.8 


Vit. A concentrate no. 5822 


Cod liver oil no. 8945 


6 

250 

233 

31.0 

I ^ 

250 

195 

26.0 

6 

500 

437 

29.1 

6 

500 

454 

30.3 

5 

1000 

962 

32.1 

1 ^ 

1000 

1008 

33.6 


Vit. A acetate no. 94265 


Cod liver oil no. 8955 


5 

250 

185 

24.7 

i 6 

250 

138 

18.4 

6 

500 

480 

32.0 

1 5 

500 

348 

23.2 

5 

1000 

890 

29.7 

6 

1000 

630 

21.0 


Cod liver oil no. 92995 





6 

250 

155 

20.7 





11 

500 

269 

17.9 





12 

1000 

625 

20.8 

i 





It was, therefore, concluded that with the exception of some 
samples of cod liver oil which gave sub-optimal liver storage, 
vitamin A was equally utilized and stored whether fed as a 
distillate, acetate, cod liver oil, halibut liver oil, or as a 
saponified concentrate. 
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In 1940 Gray and associates published the results of some- 
what similar experiments in which equal amounts of vitamin A 
as U.S.P. Reference Oil, vitamin A caproate, distilled ester 
concentrate, vitamin A stearate, vitamin A alcohol and 3-caro- 
tene were administered. Their data showed that slightly 
lower liver storage resulted from treatment with the alcohol 
form of the vitamin but when the experimental error was 
taken into consideration the significance of this difference 
seemed questionable. Animals receiving 3-carotene were 
found to have very low vitamin A reserves but the remaining 
preparations produced equal liver stores. 

Storage of vitamin A in rat liver following oral, 
subcutaneous, or intramuscular administration 

Vitamin A distillate no. 78794 at a level of 500 units per 
day was administered to depleted rats orally or injected, 
either subcutaneously or intra-muscularly, as shown in table 4. 
The oil preparation was diluted in corn oil so that the animals 
received 0.1 ml per day for the 3-day period. The same dilu- 
tion was used for all modes of treatment. As in the previous 
experiments, no treatment was given on the fourth day and 


TABLE 4 

storage of vitamin A in the liver of the rat following oral, suhcutaneovs, and 
intramuscular administration of vitamin A distillate no. 78794. 


NO. 

BATS 

LEVEL or 
VITAMIN A 
GIVEN 

MODE or 

ADMINISTRATION 

LIVER STORAGE 
or VITAMIN A 

STORAGE 


I.U./day 


I. U. /liver 

% 

6 

500 

Oral 

543 


36.0 

5 

500 

Oral 

525 


35.0 





Average 

35.6 

6 

500 

Subcutaneous 

150 


10.0 

4 

500 

Subcutaneous 

.217 


14.6 





Average 

12.3 

4 

500 

Intramuscular 

11 


0.7 

5 

500 

Intramuscular 

6 


0.4 





Average 

0.6 
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the animals were killed by decapitation on the fifth day pre- 
liminary to the determination of vitamin A in the livers. Liver 
stores of vitamin A were believed to indicate the amount of 
the vitamin which had been absorbed by rats which were 
treated for 3 days and killed at the beginning of the fifth day. 

Oral administration of the vitamin produced optimum liver 
storage; subcutaneous treatment allowed less storage and 
the intramuscular method was the least effective. Vitamin A 
administered subcutaneously was approximately 35% as 
effective as the same amount given orally; intramuscular in- 
jection was about 2% as efficient as oral treatment. A rela- 
tively short time was allowed for the absorption of injected 
vitamin A when the 3-day treating technique was used and 
it might be assumed that under these conditions the vitamin A 
would not be completely utilized. It can be seen, however, 
from the growth studies outlined below that daily injections 
of vitamin A continued for 4 weeks did not afford maximum 
utilization. An inferior response was observed when parent- 
eral administration of vitamin A was employed irrespective 
of the time allowed for absorption of the injected oil. 


Growth response to oral, subcutaneous, and intra- 
muscular administration of vitamin A 

Vitamin A-depleted rats were treated daily for 4 weeks 
with vitamin A distillate no. 78794 given orally, subcutane- 
ously, or intramuscularly at 2 different levels (table 5) and 
the utilization of vitamin A was indicated by the increase in 
growth. The growth response data paralleled the liver storage 
data in that they showed oral administration to be superior to 
parenteral treatment. 

In agreement with the present work it has been reported 
that vitamin A oils are more effective orally than when in- 
jected, both in supporting normal growth and promoting liver 
storage (Koehne and Mendel, ’29 ; Greaves and Schmitt, ’37 ; 
With, ’39; Barlow and Koeher, ’42; Lease et al., ’42). Al- 
though most investigators have used lower levels of vitamin A 
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and continued the treatment for various periods ranging from 
4 to 6 weeks, their results are in accord with those re- 
ported here. 

The close correlation between weight response and liver 
storage in depleted rats following administration of vitamin A 
indicates that the measurement of liver reserves following a 
3-day treatment period is a reliable method for judging the 
effectiveness of a treatment. 

TABLE 6 


Growth response following oral, subcutaneous and intramuscular administration of 
vitamin A distillate no. 78794, 


GROUP 

UETKL 
VITAMIN A 
GIVEN 

METHOD OP 
ADMINXBTBATION 

NUMBER or BATS 

AVERAGE 

WEIGHT 

GAIN 

(28 DAYS) 

started 

Finished 


I.TJ.lday 




gm 

1 

2.04 

Oral 

20 

19 

30 

2 

4.08 

Oral 

20 

17 

60 

3 

2.04 

Subcutaneous 

20 

2 

—9 

4 

4.08 

Subcutaneous 

20 

4 

3 

5 

2.04 

Intramuscular 

20 

1 

—21 

6 

4.08 

Intramuscular 

19 

4 

—7 - 


SUMMARY 

1. Equal liver stores of the vitamin were found in both male 
and female animals when depleted rats were treated for 3 days 
with large amounts of vitamin A. 

2. The relative amount of vitamin A stored in the liver was 
determined after treatment with increasing doses. At the 
lowest intake of 63 units per day the liver storage was 11% 
of the total dose while maximum storage (37%) was obtained 
at a daily level of 2,000 to 4,000 I.U. Further increase in the 
amount of vitamin A administered was accompanied by a 
steady decrease in the efficiency of storage. 

3. A comparison was made of the liver storage resulting 
from treatment with different types of vitamin A prepara- 
tions. It was found that different lots of cod liver oil, although 
administered at equal unit levels, produced variable liver 
reserves ^ vitamin A. With the exception >of some lots of cod 
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liver oil which gave sub-optimal storage, vitamin A was 
utilized and stored equally well whether fed as a distillate, 
acetate, halibut liver oil, or saponified concentrate. 

4. The storage of vitamin A in the livers of rats following 
oral, subcutaneous, or intramuscular administration was in- 
vestigated. The oral method was found to be most effective in 
producing liver storage. Vitamin A injected subcutaneously 
was approximately 35% as efficient over a 5-day period as the 
same amount gfiven orally, while intramuscular injection was 
only 2% as effective as the oral route. 

5. Depleted rats were treated daily for a period of 4 weeks 
with vitamin A given orally, subcutaneously, and intra- 
muscularly and the increase in growth was measured. It was 
found that vitamin A distillate was more effective orally 
than parenterally in promoting growth as well as in producing 
liver stores. 
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STUDIES IN AMINO ACID UTILIZATION 


I. THE DIETARY UTILIZATION OF MIXTURES OF PURIFIED 
AMINO ACIDS IN PROTEIN-DEPLETED ADULT 
ALBINO RATS ^ 
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FOUR FIGURES 
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The substitution of mixtures of purified amino acids for 
dietary protein in rations adequate in calories, vitamins and 
minerals has helped greatly to clarify understanding of the 
nutritive potentialities of proteins. It is now possible to 
prepare a mixture of the 10 so-called essential amino acids 
which promotes growth in young rats (Kinsey and Grant, ’44), 
or mice (Bauer and Berg, ’43), or maintains nitrogen balance 
in dogs (Rose and Rice, ’39) and adult man (Rose, Haines, 
Johnson and Warner, ’43). Many questions remain un- 
answered, however, concerning the mechanisms governing the 
utilization of these amino acids. The question of the indis- 
pensability of arginine and histidine needs further study. 

‘ The subject matter of this paper has been under^k^^ in cooperation with the 
Committee on Food Research of the Quartermaster Food and Container Institute 
for the armed forces. The opinions or conclusions contained in this report are 
those of the authors. They are not to be construed as necessarily reflecting the 
views or indorsement of the War Department. 

The work has been aided, also, by the John and Mary R. Markle Foundation, 
The National Livestock and Meat Board, The Douglas Smith Foundation for 
Medical Research of the University of Chicago, and the Allen B. Wrisley Company. 
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More information is needed regarding such problems as the 
possible toxicity of some of the unnatural forms (Albanese 
and Irby, ’43), the optimal amounts of each amino, acid in the 
daily ration, the role of accessory substances such as strepo- 
genin (Woolley, ’45) in the synthesis of proteins from amino 
acid mixtures, and the possible adverse effects from the use 
of improperly-balanced mixtures even though all of the in- 
dispensable amino acids may be present. 

In this and the following paper all observations were made 
on a group of protein-depleted rats fed rations whose nitrogen 
source, other than traces in the cornstarch and vitamins, con- 
sisted pf a mixture of either 16 (ration A), 10 (ration B), or 
9 (ration C), purified amino acids. In these 2 papers we 
present evidence concerning the influence of these rations 
upon (a) weight-recovery; (b) food consumption; (c) plasma 
and red cell volumes and regeneration of serum proteins and 
erythrocytes. Although the data are from experiments deal- 
ing with only 28 rats> they are presented as illustrative ex- 
amples. As a matter of fact, the experiments have been 
confirmed with 55 additional rats so that, in reality, they 
represent findings from the use of more than 85 different 
animals. 

The “sixteen amino acid mixture” utilized was patterned 
after the amino acid composition of casein (Block and Bolling, 
’45), except that serine, proline, and hydroxyproline were ab- 
sent and the racemic mixtures of threonine, valine and iso- 
leucine were used with the assumption that the unnatural 
d forms do not replace their respective enantiomorphs meta- 
bolically. Although the carbon chains of these d amino acids 
may not be used for the synthesis of tissue protein, their 
amino nitrogen may be utilizable for the synthesis of non- 
essential amino acids. Accordingly, an amount of glutamic 
acid equivalent to the non-utilizable d forms was omitted from 
the mixture. Correction was made for HCl in the arginine, 
histidine and lysine samples and for water of crystallization 
in the latter two. Whenever an amino acid was omitted from 
the mixture in order to observe the effect of its deficiency, its 
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equivalent in moles of glutamic acid was substituted. When 
amino acid mixtures were made containing only 10 or 9 essen- 
tial amino acids, the ratios of the amino acids were held 
constant while their concentrations were increased in order to 
keep the dietary nitrogen levels the same. The amounts of 

TABLE 1 

Composition of amino acid mixtures employed to supplement "basal ration 4 E. 


PEROENTAOK OOMPOSITIOK MG OV BSSRNTIAIi (1) AMINO 

or MixTUBjrs or amino acids psb 15 gm diet per 

ACIDS IN RAT DAY IN 



Ration 

A 

Ration 

B 

Ration 

C 

Ration 

A 

Ration 

B 

Ration 

C 

1 ( -f ) Arginine HCl 

4.214 

6.592 


63.4 

99.1 

.... 

1(4*) Histidine HCI 

2.871 

4.491 

4.808 

38.5 

60.4 

64.7 

dl Isoleucine 

11.050 

17.286 

18.505 

100.0 

157.2 

168.3 

1 (4“) Leucine 

10.286 

16.186 

17.224 

190.0 

294.3 

313.1 

1(4-) Lysine HCl 

8.051 

12.594 

13.483 

106.0 

167.2 

178.5 

dl Methionine 

2.976 

4.654 

4.982 

54.0 

84.6 

90.6 

dl Phenylalanine 

4.420 

6.914 

7.402 

80.0 

125.7 

134.6 , 

dl Threonine 

6.630 

10.371 

11.103 

60.0 

94.3 

100.9 

dl Tryptophane 

1.530 

2.393 

2.562 

27.7 

43.5 

46.6 

dl Valine 

11,900 

18.615 

19.929 

108.0 

169.2 

181.2 

dl Alanine 

4.760 






dl Aspartic acid 

5.355 






1 ( — ) Cystine 

0.306 






1 (4*) Glutamic acid 

20.167 






Glycine 

0.425 






1 ( — ) Tyrosine 

5.440 







100.069 

99.999 

99.998 





each amino acid present in the different mixtures are given in 
table 1.* In the graphs, the ration containing 16 amino acids 
was originally referred to as AAB. For greater convenience 
it is referred to in these papers as ration A. Similarly, the 
ration containing the 10 “essential” amino acids, referred to 

* Most of the amino acids were purchased from Merck and Co. Alanine, glycine, 
isoleueine, threonine, tyrosine and Taline were purchased from General Bio- 
chemicals, Inc. Some methionine was purchased from the Pfanstiehl Co. Purity 
of the amino acids was checked by Kjeldahl determinations in the ease of the 
racemic forms and by optical rotation determinations in the case of the active 
natural forms. 
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in the graphs as EAAEIO or EAAR, is here called ration B ; 
and the 1 containing only 9 essential amino acids, shown in the 
graphs as 9AA or 9EAAR, is here called ration C. 

EXPERIMENTAL PROCEDURES 

Male, albino rats of the Sprague-Dawley strain, with initial 
weights varying from 220 to 244 gm, were subjected to protein 
depletion according to procedures previously described 
(Wissler, Woolridge, Steffee and Cannon, ’46). Selection was 
made from groups of rats which had been on a low protein 
“depletion” diet (3E) for approximately 3 months, animals 
being chosen on the basis of the uniformity in initial weights, 
percentages of weight loss (25-33%) and concentrations of 
serum i)roteins (4.06-A.85%) and hemoglobin (11.2-15.3%). 
The rats were placed in individual cages prior to the incorpo- 
ration of the amino acid mixtures or casein into the basal 
ration for use in the “repletion” period. All rations were 
kept isocaloric. Two days before the experiments were to be 
started the animals were weighed, and hied (tail vein) in order 
to determine the serum protein and hemoglobin concentra- 
tions. On the basis of these data as well as the initial pre- 
depletion weights and percentage weight losses, the most 
comparable animals were paired, 1 animal of each pair being 
offered a weighed amount (15 gm per rat per day) of ration A, 
while its mate was fed this ration with one “essential” amino 
acid omitted. Water was offered ad libitum. For comparison, 
other pairs of rats were fed the 4E basal or casein rations 
under similar circumstances and concentrations of nitrogen 
(table 2). Blood volumes were determined on the first day of 
the experiment. During the first dietary period the amounts 
of ration eaten, wasted or rejected were determined daily and 
the animals were weighed frequently. On the tenth day the 
rats were fed in the moraing but were fasted for the last 12 
hours of the 24-hour period. On the morning of the eleventh 
day, weights, serum protein and hemoglobin concentrations 
and blood volumes were determined. In most instances there- 
after the diets of eeich pair of animals were reversed for a 
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second 10-day period during which weights and diet-consump- 
tion figures were determined as before. At the end of the 
20-day period the animals were again fasted for 12 hours and 
the various observations repeated after which they were 
sacrificed and autopsied. 



TABLE 2 

Composition of rations 

used. 


INORBDIBNTS PER 100 GU 

4 E BASAI. 

CASEIN 

AMINO ACIDS 

Nitrogen source 

0.0 

10.46 

12.12 

Corn oil 

4.0 

4.0 

4.0 

Cornstarcli 

71.0 

61.7 

58.88 

Huff ex 

5.0 

5.0 

5.0 

Salt mixture ' 

4.0 

4.0 

4.0 

Vitamin solutions 

2.7 

2.7 

2.7 

Water 

18.3 

12.14 

13.33 

VITAMINS PBB 100 GM OP RATION 



Cholino chloride 

0.20 gm 



Oleum percomori)hum 

0.30 drops 



Nicotinamide 

2.84 mg 



Pantothenate Oa 

1.75 mg 



Pyridoxine HCl 

0.64 rag 



Riboflavin 

1.08 mg 



Thiamine HCl 

0.54 mg 




'Hawk and Oser’s (^46) modification of the Osborne and Mendel salt mixture 
plus Igm each of copper sulfate, and zinc chloride added to the trace elements. 


The utilizable amounts of each of the essential amino acids 
supplied per 15 gm of ration for the “amino acid rations” are 
given in table 1. From these data it is possible to compute the 
milligrams of amino acids eaten per rat day, knowing the 
actual amount of food consumed. 

EXPERIMENTAL FINDINGS 

The effects of ration A upon weight-recovery are shown 
graphically in figure 1, where the starting weights have been 
connected with the 10-day and 20-day values by straight lines. 
It will be noted in every instance that the animal which ate 
this ration for 10 days gained weight rapidly, an average of 
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between 4 and 5 gm per day, whereas each animal which ate 
the ration with any one of 9 indispensable amino acids omitted 
continued to lose weight. Furthermore, comparison of these 
results with those of a sample pair of the animals which ate 
the 4E basal ration alone or this ration supplemented with 
casein (fig. 2) shows a less rapid weight recovery for the rat 
which ate the natural protein than for several of those con- 
suming ration A. Moreover, the animals which ate the 4E 
ration alone lost less weight, in general, than did the animals 
which ate the ration containing fifteen amino acids but with 
1 indispensable amino acid omitted. In other words, the ani- 
mals did slightly better on no protein at all than on a mixture 
of 15 ainino acids but with 1 indispensable amino acid lacking. 
Exception occurred only with respect to lysine deficiency, 
where weight loss was practically identical with that for the 
rats fed the 4E ration. With respect to arginine, its presence 
or absence seemed to make but little difference. One rat, in 
fact, kept on an arginine deficient diet for 30 days, recovered 
almost as much lost weight as did its companion which ate 
ration A; furthermore, spermatogenesis as judged by histo- 
logical study was as well reestablished in the arginine-deficient 
rat as in the other. It is obvious, therefore, that the protein- 
deficient rats wore able to synthesize arginine with sufficient 
rapidity almost to keep pace with those supplied with 
arginine. 

In view of the unsuccessful use by Albanese and Irby ( ’43) 
of a mixture of 10 amino acids for growth of young rats, and 
because of their suggestion of the possibility of toxic d forms 
being present in such a mixture, we prepared a mixture of 
10 amino acids (table 1) and incorporated it in the basal ration 
at the same nitrogen concentration employed for ration A. 
Figure 2 demonstrates the results obtained from the feeding 
of these 2 t 3 T)es of rations. It is obvious that weight recovery 
was as good with only 10 amino acids in the ration as with the 
16 of ration A. It is evident, also, that there was no apparent 
“toxic” effect from the use of a mixture containing several 
of the unnatural d forms. 
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Fig. 1 GompariBon of weight changes in protein-depleted rats fed ration 
A (AAB) and ration A devoid of 1 indispensable amino acid. After 10 days the 
rations were reversed. Note the common pattern except in the case of arginine. 
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Although it is apparent that a protein-deficient rat can 
recover lost weight when only 10 amino acids are present in the 
ration, we wished to secure additional evidence regarding the 
dispensability of arginine. Accordingly, a mixture of amino 
acids containing only 9 indispensable amino acids was pre- 
pared (table 1, ration C), but, again, with as much total 
nitrogen as was present in rations B and A. This mixture 
when added to the basal ration, at a comparable concentration 
of nitrogen, yielded essentially as good a weight recovery rate 
as did ration A, fed simultaneously (fig. 2). 

One of the most striking features of the experiments in 
which the rats were offered rations deficient in any one of the 
9 indispensable amino acids, was their disinclination to con- 
sume the ration. In other words, these 9 amino acids are 
essential, also, for good appetite, and omission from the ration 
of any 1 of them, even though its nitrogen equivalent is re- 
placed by glutamic acid, is followed quickly by reduced food- 
consumption. On the other hand, addition to the ration of the 
missing amino acid, is followed just as promptly by improved 
appetite. The data, which record the amounts of food con- 
sumed, are shown graphically in figures 3 and 4 in which the 
rectangles are designated “food-consumption areas.” The 
4 rectangles for each amino acid tested represent the propor- 
tions of ration (15 gm per rat per day) eaten daily by the 
protein-depleted rats for each 10-day period. The upper left- 
hand rectangle represents the amount of food eaten by the 
rat fed ration A, the lower left hand one, the amount of food 
eaten after 1 amino acid had been omitted from the ration. 

Fig. 2 (Upper left). Comparison of weight changes in 2 rats, one of which 
was fed ration A (AAR) and the other ration B (EAAEIO), both for 20 days. 
(Upper right). Weight changes in 2 rats one of which was fed ration A for 20 
days (no. 211-4) and the other (no. 214-1) one fed this ration with the lysine 
injected subcutaneously daily for 10 days and then • replaced by salt solution. 
(Lower left). Weight change in rats fed casein ration and protein-free ration 
for 10 days and after reversal of rations. (T^ower right). Comparison of weight 
changes in 2 rats fed ration A and ration C (9AA) for 20 days. All rats were 
protein-depleted at the beginning of the experiments. 
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The 2 rectangles on the right indicate amounts of food con- 
sumed by each rat for a second 10-day period after reversal 
of the rations. Inspection of the rectangles demonstrates in 
every instance that food-acceptance is correlated with the 
presence or absence of 1 of the 9 indispensable amino acids. 

A more detailed examination of these “food consumption 
areas” will illustrate more definitely the effects observed. For 
example, rats la and 2b were offered rations identical except 



Pig. 4 *‘Food consumption to be compared with weight changes of 

figure 2 in rats fed the yarious types of rations. 


for the presence or absence of approximately 29 mg of dl- 
tryptophane per 15 gm of ration. As can be seen, rat la ate 
practically all of his daily ration for the first 10 days. During 
this time he recovered lost weight. On the eleventh day, al- 
though tryptophane was now absent from the ration, he ate 
14 gm ; but on the twelfth day he ate only 8.5 gm, and his daily 
food-consumption thereafter was always less than 10 gm. Dur- 
ing this time he lost weight steadily. In contrast, rat lb which 
was offered the ration devoid of tryptophane, ate poorly for 
the entire 10-day period and on only 1 day (the ninth) did he 
eat more than 10 gm. On the eleventh day, after tryptophane 
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had been added to the ration, he ate 13.5 gm, and on each of 
the succeeding 9 days he ate all of the ration; during tins 
period he gained weight steadily. Eats 9 and 10 reacted simi- 
larly when valine was tested, After 10 days' consumption of 
ration A, rat 9 had made a good weight-recovery and had 
eaten the ration well. On the eleventh day, after approxi- 
mately 216 mg of dl-valine had been removed from the ration, 
the rat ate the same amount of food which he had eaten on the 
preceding 4 days (12 gm per day). On the twelfth day, how- 
ever, his food-consumption dropped to 6.5 gm and stayed low 
for the succeeding 8 days. In contrast, rat 10, when first 
offered the ration devoid of valine, refused for 10 days to eat 
more than 6 gm per day. On the eleventh day, after valine 
had been added to the ration, he ate 13 gm, and from then 
on he ate his daily ration almost completely. A similar pat- 
tern is seen, also, in the case of the 2 rats (numbers 3 and 4) 
offered rations with and without threonine. 

Of interest, also, are the findings in the rats which responded 
to the addition of phenylalanine, leucine or isoleucine to the 
deficient rations. During the first 10 days these aninials re- 
fused to eat well when offered rations devoid of any one of 
these amino acids. When, however, each of the missing amino 
acids was put into the rations, daily food-consumption im- 
proved in a step-wise fashion until practically maximal 
consumption was attained and maintained. These patterns 
suggest a gradual return of appetite, associated with a gradu- 
ally increased ingestion of those amino acids in which the 
rations had been deficient. It is noteworthy, also, that this 
response occurred when such dl- forms as phenylalanine, 
valine, isoleucine and threonine were used, thus indicating the 
lack of any toxic effect from the unnatural forms supplied, as 
judged by appetite or weight recovery. 

In an effort to ascertain whether these changes in appetite 
might depend upon taste, 2 animals were given rations differing 
only in the route by which lysine was administered, viz., 1 rat 
was fed ration A for 20 days while the second rat was fed this 
ration devoid of lysine but with the lysine injected sub- 
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cutaneously, 2 doses per day (146 mg 1 (+) lysine HCl'HaO 
per rat day). As can be seen from figure 2 , the rat which 
received lysine parenterally made an even better weight 
recovery than did the one which ingested lysine. At the end 
of 10 days, however, when salt solution was substituted for 
the injected lysine, the animal began quickly to lose weight, 
whereas the rat eating ration A continued steadily to gain 
weight. Evidence of this kind speaks against the idea that 
taste may be a determinant of appetite under these circum- 
stances ; on the other hand it does not eliminate the possibility 
that food consumption may be influenced by blood amino acid 
thresholds, at least until such a possibility can be studied more 
completely. 

The degree of consumption of rations other than ration A 
is shown in figure 4. Examination of these “food-consumption 
areas” indicates that the protein-depleted rats maintained 
good appetites for 20 days when fed rations containing only 
10 or 9 indispensable amino acids as the principal source of 
dietary nitrogen. Their food intake, in fact, equalled that of 
the animals eating the casein ration and exceeded that of the 
rats eating the basal ration. It is obvious, also, that when 
lysine was injected, the rat’s appetite was as good as that of 
the animal eating the complete ration A but that appetite 
declined when salt solution was substituted for the injected 
lysine. 

COMMENT 

Although it has long been known that a loss of appetite 
may at times be an indicator of an amino acid deficiency, we 
have found no statements emphasizing the rapidity with which 
this may manifest itself. Rose (’38) has said that “growing 
animals lose the desire to eat when the food is not suitable 
for tissue-synthesis, but regain it when all of the components 
required for anabolism are made available” and that (Bose, 
’31-’32), “Our experience with other types of deficiencies in- 
volving the nitrogenous portion of the ration has taught us 
to expect a marked failure in appetite when the diet is com- 
pletely devoid of an essential component . . . Hundreds of 
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experiments . . . involving the use of completely hydrolyzed 
proteins, have demonstrated that rats readily consume ade- 
quate amounts of diets in which the nitrogenous portion is in 
the form of mixtures of amino acids, provided all of the mate- 
rials for growth are available.” Smith ( ’31) has also remarked 
that “an experimental animal deprived of protein soon ex- 
hibits a complete loss of appetite.” 

Our findings corroborate these statements. They also 
demonstrate the surprising fact that food-acceptance by pro- 
tein-depleted and presumably hungry rats may be determined 
by the presence or absence of only a few mg of a particular 
indispensable amino acid. For example, in experiments to 
be reported in more detail later, we found that a rat offered a 
ration containing approximately 18 mg of dl-tryptophane per* 
15 gm of ration ate almost all of the daily ration and gained 
43 gm in 10 days. Another rat, however, offered the same 
ration containing only 9 mg of dl-tryptophane per 15 gm of 
ration had an average daily food-consumption for the 10-day 
period of 10 gm and gained but 4gm of weight. In other 
words, the difference in weight recovery of the 2 animals was 
determined by the presence or absence in the daily ration of 
only 9 mg of dl-tryptophane. Similar effects have been ob- 
served with the other 8 indispensable amino acids although 
the quantitative requirements for each amino acid are 
different. 

The mechanism governing this impairment of appetite in 
acute amino acid deficiency is of especial interest. Is it the 
result of a lowered taste-threshold due to the lack of certain 
amino acids, or is it due to a general metabolic disturbance 
whereby the sense of well-being of the animal is altered, as a 
result of which the rat becomes actually sick and hence is not 
interested in food! If the loss of appetite is due to inadequate 
stimulation of taste organs, it would appear necessary to 
assume the existenee^of 9 indispensable amino acid “essen- 
tial,” also, for taste and that omission of any one of them 
from the diet would depress the taste stimulus for all the 
others* Against the idea of taste, however, is the fact that in 
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several of our experiments the animal continued to eat well 
for 1 day after removal of the indispensable amino acid from 
the ration, after which food-consumption declined and re- 
mained low. If taste were the determining factor here it is 
difficult to see why it should require 24 hours for the rat to 
discover the absence of a particular amino acid from the ration 
and then to eat only one-half or less of his daily diet. 

Evidence suggesting a general metabolic disturbance as the 
factor responsible for the impaired appetite is furnished by 
experiments (Rose et al., ’42; ’43) in which healthy young 
men were fed rations adequate in calories, vitamins and 
minerals but containing a mixture of 10 essential amino acids 
as the only source of dietary nitrogen. The men remained in 
nitrogen balance until any 1 of 8 amino acids was removed 
from the ration whereupon they went promptly into negative 
nitrogen balance. Readdition to the ration of the missing 
amino acid, however, brought them back quickly into nitrogen 
balance. Of especial interest is the fact that when the subjects 
were in negative nitrogen balance they felt miserable and had 
impaired appetites but that after nitrogen balance was re- 
established they again felt better and their appetites im- 
proved.® It is possible, therefore, that a similar mechanism 
may operate in the rats and that their disinclination to eat 
may be due largely to the fact that they actually feel too 
“sick” to be interested in food, even though they are severely 
undernourished and need the food to promote effective con- 
valescence. 

The possibility should also be considered that the loss of 
weight and the associated impairment of appetite accompany- 
ing acute amino acid deficiency might be due, indirectly, to 
the restricted intake of calories, vitamins and minerals. In 
order to test this possibility, protein-depleted rats were 
gastrostomized and then fed through the gastrostomy tube. 
Although these experiments are still in progress, evidence 
obtained thus far indicates that an adequate intake of calories, 

• Personal communication from W, C, Bose. 
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vitamins and minerals lessens but does not prevent the weight- 
loss of acute amino acid deficiency. For example, 1 rat fed 
the ration A via gastrostomy for 10 days gained weight 
steadily ; but when tr3^tophane was removed from the ration 
he began to lose weight despite the fact that his caloric, vita- 
min and mineral intakes were unchanged. However, his weight 
loss was less than that of his control being offered the deficient 
ration ad libitum, thus suggesting that if acute amino acid 
deficiency induces some sort of “toxic” disturbance of internal 
metabolism, this is less severe in the presence of adequate 
calories, vitamins and minerals. At any rate, the mechanism 
responsible for the impaired appetite requires further study. 

These consequences of acute amino acid deficiency empha- 
size further some of the diflSculties which hamper efforts to 
evaluate quantitatively by biological methods the nutritive 
potentialities of proteins. If only a few mg of any 1 of 9 
indispensable amino acids can determine either nutritive 
success or failure of a biological assay, it is not surprising 
that there should be so much controversy concerning the kinds 
of methods which should be utilized for determining protein 
quality. There is still no general agreement as to the nitrogen 
level optimal for protein-assay ; and no biological method has 
as yet been developed which can determine the concentrations 
of each individual amino acid in a test-ration. Ultimately, it 
may become necessary to ascertain the limiting level of each 
indispensable amino acid in the protein being tested rather 
than to determine this indirectly as is now done. Further im- 
provements in methods of amino acid analysis, both chemical 
and microbiological, may make this possible. Thus it may be 
possible to demonstrate absolute quantities of indispensable 
amino acids in a protein and their ratios one to another. Simi- 
larly, it may be possible to relate these values to those for the 
nonessential amino acids as well. However, even then, bio- 
logical methods will still be needed because of the fact that, 
as a consequence of heat-injury or processing alteration, cer- 
tain indispensable amino acids may be rendered metabolically 
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non-utilizable even though they are demonstrable by amino 
acid analysis. 

It is of interest that these experiments failed to demonstrate 
the retarded weight gains observed by others (Woolley, ’45 ; 
Bose and Womack, ’46) in young animals fed rations whose 
nitrogenous constituents came from hydrolyzed protein or 
from mixtures of purified amino acids. Although we know of 
no source of strepogenin in the materials used in the rations of 
our experiments it should be mentioned that the ration 3E, 
used for the depletion period, contained 1% of Wilson’s 20: 1 
liver concentrate. It is possible, therefore, that strepogenin 
from this source might have been stored in the depleted rats 
so that no deficiency was apparent in the relatively short “re- 
pletion” period. Cary et al. (’46) have presented evidence 
that an unidentified accessory growth factor present in liver, 
casein and some other foods, may be stored by young rats. 
Our rats are almost full-grown and may not need exogenous 
accessory factors as do young rats. At any rate, our experi- 
ments agree with those of Bose that, with the exception of 
arginine, the same 9 amino acids essential for adequate growth 
in the young rat are also essential for effective weight- 
recovery and good appetite in adult protein-depleted rats. 

SUMMARY 

Weight-recovery of comparable pairs of protein-depleted 
rats was determined while the animals were fed “amino acid 
rations” for a 10-day period. In most instances 1 rat was 
offered a ration containing a mixture of 16 amino acids pat- 
terned after the amino acid composition of casein while the 
second received the same mixture with one indispensable 
amino acid omitted. In most cases the rations were reversed 
for a second 10-day period. In some experiments fewer amino 
acids were employed. The results may be listed as follows : 

1. Eats fed the amino acid ration containing 16 amino acids 
(ration A) gained weight rapidly, usually exhibiting as great 
or greater weight gains in 10 days as rats fed a ration con- 
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taining an isonitrogenous quantity of casein ; they also ate the 
ration completely. 

2. Omission, singly, of histidine, lysine, tryptophane, 
phenylalanine, methionine, threonine, leucine, isoleucine or 
valine from this ration led to marked loss of weight in a 10-day 
period, coincident with a prompt loss of appetite as evidenced 
by consumption of only from one-third to one-half of the daily 
ration offered. The weight loss in most cases was greater 
than that shown by comparable rats fed a low-protein basal 
ration for a similar period. When, however, the missing amino 
acid was added to the ration the rats quickly recovered lost 
appetite and rapidly regained lost weight. 

3. When arginine was omitted from the ration the rats 
gained weight at rates approximately equal to those of similar 
rats receiving the complete amino acid ration and their appe- 
tites were well-maintained.* No histological differences in 
spermatogenesis could be seen after 30 days’ feeding of the 
respective rations. 

4. A ration containing only the 10 amino acids indispensable 
for rat growth, fed at a nitrogen level equivalent to’ that ih 
ration A, supported a weight gain equal to or greater than that 
of similar rats receiving the 16 amino acids. Similarly, when 
only the 9 amino acids listed above were fed, an equivalent 
rate of weight gain was obtained. With both types of ration 
good appetites were maintained over a 20-day period. 

5. When 1 amino acid (lysine) was administered paren- 
terally and the others were consumed by mouth, the weight 
increase was comparable to that of rats receiving the complete 
ration by mouth ; good appetite was also maintained. When, 
however, salt solution was substituted for the lysine, both 
the animal’s weight and appetite declined. 

6. The rapidity with which appetite declines in these pro- 
tein-depleted rats after omission of any one of 9 indispensable 
amino acids from the ration suggests the development of a 
state of acute amino acid deficiency which can be corrected 
only by the addition to the ration 'of adequate amounts of the 
missing amino acid. Furthermore, no evidence of a need for 
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an accessory polypeptide factor or factors to promote effective 
utilization of these amino acids was demonstrated by these 
experiments in which the only supplementary constituents 
were pure crystalline vitamins. 

7. In the biolqgical evaluation of protein, dilution of the 
test-protein to the point where acute amino acid deficiency 
occurs prevents an adequate quantitative estimation of nutri- 
tive quality. It is suggested that ultimately it may become 
necessary to evaluate proteins in terms of the limiting action 
of each indispensable amino acid in the test-protein rather 
than to attempt to evaluate amino acid levels indirectlj’’ by 
current methods. 
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STUDIES IN AMINO ACID UTILIZATION 


II. ESSENTIAL AMINO ACIDS AS A SOURCE OF PLASMA PROTEIN AND 
BRTTHROCYTES IN THE HYPOPROTBINEMIC EAT ' 

E. P. BENDITT, E. M. HUMPHREYS, R. L. 8TRAUBE, R. W. WI8SLER 
AND C. H. 8TEPPEE 

Department of Pathcioffy, University of Chicago, Illinois 
(Beceived for publication August 20, 1946) 

Because of the great interest in plasma protein production 
in acute and chronic states of hypoproteinemia, and in the 
correction of these conditions by means of orally and paren- 
terally administered mixtures of amino acids, it is important 
to know which amino acids are necessary for the production 
of plasma proteins. In the preceding paper the effects of 
various combinations of amino acids and of single amino 
acid deficiencies on weight recovery and diet consumption of 
the protein-depleted rat have been described (Frazier et al., 
’46). In the present paper the influence of various amino 
acids on the fabrication of serum protein and of erythrocytes 
is described. 


EXPERIMENTAL PROCEDURES 

The present observations were made on the same animals 
used in the experiments described in paper I of this series. 
At the end of the protein-depletion period the rats were paired 

‘ The subject matter of this paper has been undertaken in cooperation M'ith 
the Committee on Food Kesearch of the Quartermaster Food and Container In- 
stitute for the Armed Forces. The opinions or conclusions contained in this report 
are those of the authors. They are not to be construed as necessarily reflecting 
the views or indorsement of the War Department. 

The work has been aided, also, by the John and Mary B. Markle Foundation, 
The National Livestock and Meat Board, The Douglas Smith Foundation for 
Medical Besearch of the University of Chicago, and the Allen B. Wrisley Company. 
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as described (Frazier et al., ’46) and on the first day of the 
experimental period blood volume, serum protein and hemato- 
crit determinations were made. The rats were then placed 
upon the test rations. At the end of 10 days these values were 
again determined, the diets of each pair of animals inter- 
changed and a third set of values obtained after a second 
10-day period. 

Total circulating serum protein (T.C.S.P.) and total circu- 
lating erythrocyte volumes (T.C.E.V.) were computed from 
the determined values of total blood volume, plasma volume, 
serum protein and hematocrit. The determination of the blood 
volume using Evans Blue dye has been described in detail 
elsewhere (Benditt, Straube and Humphreys, ’46). The 
method as used in the present experiments differs only slightly 
from that described. The points of difference are (a) in the 
dilution of the blood used for estimation of the dye concen- 
tration, and (b) the protein used in the diluting fluid. In the 
present investigations 0.2 ml of oxalated whole blood was di- 
luted with 5.0 ml of diluting fluid which contained 2.0 gra of 
whole dehydrated beef plasma instead of the 2.0 gm of purified 
beef albumin described elsewhere. Serum proteins were de- 
termined by the method of Barbour and Hamilton (’26). 
Hematocrits were determined in capillary tubes as described. 

From the measured concentration of dye in 0.2 ml of blood 
the total blood volume was calculated, and from this and the 
hematocrit value the total circulating red cells and the plasma 
volume were estimated. From the plasma volume and serum 
protein concentration the total circulating serum proteins 
were calculated. 

BESTTLTS 

In table 1 are presented the mean values and their standard 
errors for the quantities of plasma volurne, serum protein con- 
centrations, total circulating serum protein (T.C.S.P.), total 
circulating red blood cell volume (T. C. E. V.) and the body 
we^ht of a group of 8 animals fed the protein-free basal ra- 
tion (4E) for 10 ^ys, and another group of 7 animals fed the 
9% casein ration (Cas) for 10 days. These data show a rea- 
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sonable constancy and compare favorably with other published 
figures on the same quantities measured in the rat (Metcoff 
and Favour, ’44). 

Table 2 presents the total circulating serum protein changes 
for the animals on the various diets. Column 1 contains the 


TABLE 1 

Averaged data for rats fed hasal 4E and 9% casein rations. 



' 

PliASMA 
i VOLUME 

SERUM 

PROTEIN 

TOTAL CIRCU- 
LATING SERUM 
PROTEIN 

TOTAL CIRCU- 
LATING RED 
CELL VOLUME 

BODY 

WEIGHT 


Day 

Day 

Day 

Day 

Day 


0 10 

0 10 

0 10 

0 10 

0 10 


ml 

gm % 

mg 

ml 

gm 



Protein free (4E) diet (8 animals) 


Mean 

I 6.31 5.90 

4.08 4.40 

258 257 

3.81 3.73 

160 145 

S.E. 

± .72 ± .51 

± .59 ± .37 

±14 ±13 

± .52 ± .66 

, ±2 ±2 



9% casein (Cas) diet (7 animals) 


Mean 

' 6.44 7.64 

4.20 5.81 

271 447 

3.67 5.71 

1 159 197 

R.E. 

! ± .66 ± .71 

± .66 ±: .44 

±15 ±19 

± .66 ± .65 

' ± 2 ± 2 


TABLE 2 

Changes in total cxrenlating serum protein. 


RATION 

j 

4 e 

CAS 

RATION 

A 

RATION 

A 

MINUS 

RATION 

A 

yiisva 

RATION 

A 

1 


PERIOD 

(day) 

0-10 

0-10 

0-10 

10-20 

0-10 

10-20 



mg 

mg 

mg 

mg 

mg 

mg 

The missing 
amino add 


— 11 

212 

210 

— 73 

27 

159 i 

Tryptophane 


— 36 

186 



— 96 

236 ! 

1 Lysine 


— 1 

159 

143 

— 66 

— 15 

236 i 

Methionine 


25 

221 

196 

— 44 

40 

108 

Histidine 


2 

144 

105 

— 12 

25 

175 

! Threonine 


14 

185 

145 

— 127 

— 7 

184 , 

1 Valine 


4 

111 

151 

— 60 

45 

178 

Leucine 


0 


229 

— 110 

11 

175 

Isoleucine 


1 


143 

— 49 

35 

137 

Phenylalanine 



1 

, 137 


151 ‘ 


1 Arginine 

Ave. i 

0 

174 

1 162 

— 68 

7 

176 

1 

8.E. i 

± 20 

± 15 

|± 13 

± 13 

± 15 

±16 



The value for the arginine-deficient animal was excluded from the average. 
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values for the animals fed the 4E diet for the first 10 days, 
column 2 the values for the animals fed the Cas diet for the 
same period. In column 3 are the gains of the animals fed tlie 
complete amino acid mixture (ration A) for the first 10 days 
following depletion^ Column 4 contains the data for these 
same animals during the second 10-day period (10-20) during 
which they were fed a diet lacking in one of the amino acids. 
The missing amino acid is indicated in the extreme right-hand 
eolumn. The fifth column contains data on the animals paired 
with those represented in the preceding 2 columns and fed the 
deficient amino acid ration in the first 10 days ; column 6 con- 
tains the data for the same animals when fed ration A in the 
second 10-day period. 

Eats on the 4E diet for the first experimental period (0 to 
10 days) had a mean change of 0 ±: 20 mg in their T.C.S.P. 
Over a similar 10-day period the 7 animals on the Cas diet 
gained 174 ±: 15 mg of protein in their circulation, almost 
doubling the amount which they had initially. With these 
values we can compare the performance of rats fed the other 
experimental diets. 

All animals fed ration A during the first 10-day period 
gained considerable quantities of total circulating serum pro- 
tein. The mean gain was 162 mg with a standard error of 
± 13 mg. In the second 10-day period when these same ani- 
mals were fed diets lacking one of the essential amino acids 
they all lost serum protein. The smallest loss was 12 mg, the 
largest 127 mg, the average 68. It is evident that after an 
initial feeding period the lack of one essential amino acid in- 
duces a greater loss in serum protein than in the animal at the 
end of a long period of protein depletion. The reason for this 
is not clear. It ipay be due to an increased metabolic rate re- 
lated to the reptetion of body proteins and enzyme systems 
during the preceding 10-day period. 

When the initial diets lacked one of the essential amino 
acids, excluding arginine, diet consumption was markedly re- 
duced and there were minor losses or gains of total circulating 
serum proteins of the order of those observed in the animals 
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on the 4E diet. There was one exception, the animal fed ration 
A minus lysine apparently lost 96 mg of protein. The mean 
change for the group of 9 animals was + 7 ± 15 mg. These 
same animals in the second 10-day period eating ration A 
gained on the average 176 ± 15 mg of protein. The smallest 
gain recorded was 108 mg by the rat fed the histidine deficient 
diet during its initial period. 

The data (tables 2 and 3) on the animals used to test the 
indispensability of arginine show a striking difference from 
the data on the preceding 9 amino acids. The rat on the diet 
completely lacking arginine gained 151 mg of serum protein 

TABLE 3 

Total circulating serum protein and total circulating erythrocyte volume values 
for animals on diets lacTcing arginine and their controls. 


TOTAL CmCULATINr. TOTAL CIRCULATING 

SCRUM PROTKIN RED CELL VOLUME 


RAT NO. MET 

Day Day 


1 


0 

30 

20 

30 

0 

10 

20 

30 

1 


mp ' 

mg 1 

i mg 

mg 

1 ml 

ml 

ml 

ml 

154-2 

Ration A 

256 1 


479 

i 536 

' 3.6 

, 6.1 

6.9 

6.4 

255-1 

Ration A 

257 ’ 

456 

519 


! 3.6 

5.7 

6.3 



Minns 

i 








153-4 

arji^nine 

282 1 

433 

488 

559 

; 3.3 

1 4.8 

‘ 6.8 

i 6.2 

247-7 

Ration C 

246 1 

424 

440 


3.3 

5.3 

i 5.6 


247-3 

Ration C , 

259 j 

429 ' 

449 


, 3.4 , 

5.3 

i 5.3 



in the first 10-day period. Its control on ration A gained 137 
mg. In this instance the diets were not interchanged. In the 
second 10-day period the animal lacking arginine gained an 
additional 55 mg. After 30 days the test animal and its control 
had almost identical T.C.S.P. and T.C.E.V. values. 

Data on the behavior of the total erythrocyte mass are pre- 
sented in table 4. With no protein in the diet there was an 
average loss in 10 days of 0.1 ± 0.2 ml in total circulating 
erythrocytes. With 9% casein there was an average gain of 
2.0 rfc 0.3 ml of red blood cells. On ration A there was a gain 
of 2.4 rir 0.1 ml in the first 10-day period. For the animals fed 
diets lacking one of the following: tryptophane, lysine, methio- 
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nine, histidine, threonine, valine, leucine, isoleucine, and 
phenylalanine, there were variable gains, or losses. With 
methionine and threonine absent the gains were 0.9 and 0.8 ml, 
respectively, not significantly greater than the greatest appar- 
ent gain (-|- 0.7 ml) in the group of animals on the diet com- 
pletely lacking protein. Also their paired controls fed the 
same diets lacking methionine and threonine in the second 
10-day period had the largest losses in circulating erythrocyte 

TABLE 4 


Gains or losses in total circulating red cell volume. 


BATk)N 1 

' 

4 E 1 

OAS 

RATION 

A 

RATION 

A 

NINUS 

RATION 
' A 

MINUS 

RATION 

A 


PERIOD 








(days) ! 

0-10 

0-10 

0-10 

10-20 ! 

\ 0-10 

10-20 



' 



. 1 


, 1 

The mieeing 


nd 

ml 

nd 

ml 

ml 

ml 1 

amino add 


— 0.7 

2.4 ’ 

2.1 

— 0.7 

0.1 

1.5 , 

Tryptophane 


— 0.3 

1.7 ; 



0.2 

1.1 

Lysine 


- 0.3 

1.5 

1 2.7 

— 1.1 1 

0.9 

1.6 ' 

Methionine 


- 0.4 , 

2.3 i 

1 1.9 

— 0.2 

— 0.2 

1.3 1 

Histidine 


0.0 1 

2.4 ; 

2.8 

— 0.9 

0.8 

1.9 i 

Threonine 


0.5 ! 

2,5 i 

i 2.0 

0.5 1 

0.2 

1.8 

Valine 


0.7 

1.5 

1.9 

— 0.1 

— 0.4 

1.3 

Leucine 


— 0.2 


3.0 

— 0.6 

0.4 

1.9 i 

Isoleucine 




2.8 

— 0.6 

0.3 

1.4 1 

Phenylalanine 


i 

i 

2.5 

I 

1.5 " 

1 


Arginine 

Ave. 

- 0.1 j 

2.0 

1 2.4 

— 0.5 

0.3 

1.5 


S . E . 

± 0.2 { 

± 0.3 

± 0.1 

± 0.2 i 

1 

± 0.1 

± 0.1 ' 

1 



^ The value for arginine-deficient animal was excluded from the average. 


volume of all the group. All animals with the exception of 
the one lacking valine which were fed ration A minus one 
amino acid in the second experimental period, lost circulating 
erythrocytes. With valine absent there was a slight apparent 
gain of -|- 0.5 ml. The animal lacking arginine again per- 
formed quite differently, gaining 1.5 ml of erythroc 3 rtes in the 
first 10-day period. Tliis is somewhat less than the smallest 
gain'^f 1.9 ml or than the mean gain of 2.4 ml among the 
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animals on ration A in the first period. But at 20 and 30 days 
the gain of T.C.E.V. of the arginine deficient animal equaled 
that of its paired control (see table 3). 

The evidence from the weight gains, food consumption, 
gains of serum protein and hemoglobin described above, 
demonstrated that arginine was dispensable for the recovery 
of the hypoproteinemic rat. Therefore ration C was prepared 
and fed to 2 animals as described (Frazier et al., ’46). The 
total circulating serum protein and erythrocyte volume 
changes are tabulated in table 3. The rats fed 9 “essential” 
amino acids (arginine absent) fabricated serum proteins about 
as well as the animals fed 16 amino acids over a 10-day inter- 
val. Red blood cell volumes in these animals equaled those of 
the rats on the casein diet but were poorer than those of the 
animals on ration A. The difference is not statistically signifi- 
cant with so small a number of animals. 

DISCUSSION 

Several workers have demonstrated that protein hydroly- 
sates can maintain nitrogen balance and induce increases in 
the concentration of serum proteins in adult humans, children 
and dogs. Only one group of workers (Madden et al., ’43, ’44, 
’45) has systematically attempted to determine the amino 
acids essential for the production of serum proteins. This 
group has shown that in the protein-depleted dog the 10 es- 
sential amino acids of Rose ( ’38) will induce and maintain the 
abundant formation of plasma proteins, and maintain positive 
nitrogen balance for long periods of time. The deletion of 
single essential amino acids from their mixtures led in some 
cases to negative nitrogen balances and weight loss, with con- 
tinued plasma protein production, in others to sharp decreases 
in protein production with continued positive nitrogen bal- 
ances. The omission of arginine (Madden et al., ’43) from the 
diet caused the least disturbance of any of the “essential” 
amino acids they had tested to that time. There was a slow fall 
in serum protein production but nitrogen balance was main- 
tained for the 2-week period. This is not dissimilar from the 
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data presented above except in the behavior, of the sernm 
proteins. It is apparent that the rat receiving no arginine in 
his diet over a period of 30 days gained weight, total circu- 
lating protein and erythrocytes at a rate comparable, in fact, 
almost identical with its paired control. It would appear, 
therefore, that arginine is not essential for the production 
of serum proteins or erythrocytes in the adult hypoproteinemic 
rat. This is borne out by the data on the animals fed 9 “essen- 
tial” amino acids (arginine absent) as practically the sole 
amino nitrogen source. 

Diet consumption with these amino acid mixtures has been 
described in p^per I of this series. One must, of course, con- 
sider the total nitrogen intake in relation to the gains or 
losses of protein and erythrocytes as well as body weight. 
As noted in the preceding publication, with a deficiency of 
one of the essential amino acids diet consumption followed a 
particular pattern from day to day and was far below that 
of the complete mixture except in the absence of arginine. 
Because of the low diet consumptions it is difficult to say 
exactly what the losses in serum proteins mean. One can cal- 
culate the ratio of output of serum protein to intake of protein 
in those instances where there was a positive output. Thus 
the mean output of serum proteins in mg gained per gm of 
protein eaten was 13.2 with a range of 8.1 to 16.1 for the 
animals on the complete mixture for the first 10-day period. 
Compared with this the animal lacking tryptophane had a 
ratio of 4.2, lacking histidine 4.6, threonine 7.3, leucine 12.8, 
isoleucine 3.3, phenylalanine 12.1. The other animals had 
negative values for this ratio which, of course, have no real 
significance. In the case of the individual lack of tryptophane, 
histidine, threonine and isoleucine this ratio is well below 
the average for animals fed ration A and less than the per- 
formance of the poorest animal in that group. But in the chse 
of the leucine and phcinylalanine deficiencies the ratio of pro- 
duction to intake approximates that of the complete diets 
despite the extremely low. intake (3.5 and 2.9 gm of protein 
(Nj X 6.25) ). In view of the small number of animals on each 
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deficient diet and the curious behavior of the animals with 
respect to the diet consumption an evaluation of the biological 
effects of the deficiency of single essential amino acids must 
await further study. 

SUMMARY AND CONCLUSIONS 

Protein-depleted rats can synthesize new plasma protein 
and erythrocytes on a diet in which the sole source of amino 
nitrogen is a mixture of crystalline amino acids. The mixture 
includes tryptophane, lysine, methionine, histidine, threonine, 
valine, leucine, isoleucine, phenylalanine, and arginine, in 
relative proportions equivalent to those found by chemical 
analysis of casein. Small amounts of 6 non-essential amino 
acids were added to bring the nitrogen level to the equivalent 
of 9% protein (N X 6.25). Moreover, synthesis occurs to an 
extent comparable to that produced by a diet containing casein 
at an equivalent nitrogen level. With synthetic diets identical 
to the above, but lacking one of the above mentioned amino 
acids other than arginine there is poor diet consumption and 
no significant gain in serum protein, just as with the complete 
absence of protein from the diet. The same is true concerning 
the production of erythrocytes. On a synthetic amino acid diet 
entirely lacking arginine a rat can synthesize proteins and 
erythrocytes to an extent equalling that produced by casein 
or amino acid mixtures at equivalent nitrogen levels and 
containing all essential amino acids including arginine. 
Furthermore, the first mentioned 9 amino acids alone can 
act as a nitrogen source capable of inducing the formation of 
serum proteins to an extent comparable to that found with the 
mixture of 16 amino acids (ration A or “sjmthetic casein”) 
or the natural protein. Therefore, it can be said that 9 amino 
acids only are indispensable in the hypoproteinemic rat for 
the construction of serum protein and erj’throcytes. 
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Nutritional muscular dystrophy in herbivora can be pre- 
vented or cured by o-tocopherol, but we can find no reports 
on the effectiveness of 3- or y-tocopberol relative to the alpha 
form. This information is essential for 2 reasons : First, the 
development of a bioassay using dystrophic rabbits or guinea 
pigs requires such knowledge, and second, the comparative 
physiology of vitamin E action may be better understood 
when the relative activity is known of the several tocopherols 
in curing such apparently unrelated syndromes as fetal re- 
sorption of rats and dystrophy of rabbits. 

The high urinary excretion of creatine associated with 
muscular dystrophy rapidly falls to normal when a-tocopherol 
is given. This observation led Mackenzie and McCollum (’40) 
and Eppstein and Morgulis (’42) to suggest this as the 
criterion in a semi-quantitative bioassay procedure for vita- 
min E. A complicating factor demonstrated by Mackenzie 
et al. (’41) is the sensitivity of the a-tocopherol requirement 
of the rabbit to variations in intake of the cod-liver oil used 
to accelerate the onset of dystrophy. Is this effect due to the 
highly unsaturated fat acids in the oil! And, if so, would the 
highly unsaturated fat acids in vegetable oils have a similar 
action? 

* Communication No. 101 from the Laboratories of Distillation Products, Inc., 
Rochester, N. Y. 


95 



96 


B. L. HOVB AKD PHILIP L. HABBIS 


BXPEBIMENTAL 

Young male New Zealand White rabbits weighing 600 to 
900 gm were transferred gradually over the course of 10 days 
from a complete diet of groimd rabbit chow to a vitamin E- 
low ration. The composition of the diets is given in table 1. 
Symptoms of muscular weakness began to appear in 7 to 18 
days on either diet 38 or diet 381. 

In the work to be reported creatinuria has been adopted as 
the criterion for the estimation of the severity of muscular 
dystrophy. Creatine and creatinine were determined daily 

TABLE 1 

Perofniage composition of diets. 



381 

DIET 

38 

38-A 

Commercial casein 

12 

15 

15 

Dry skim milk 

15 


. . 

Dextrin 

36 

51 

51 

Sucrose 

10 



Brewer's yeast 

8 

10 

10 

Salt mixtures 

4 

6 

6 

Cellulose 

7 

10 

10 

Lard 

6 

6 

6 

Cod-liver oil 

2 

2 



by the method of Polin (’14), adapted to the Evelyn colori- 
meter. Creatinuria is expressed numerically as the ratio of 
the total creatinine (creatine plus creatinine) to preformed 
creatinine, rather than as the absolute values for 24-hour 
excretion. This is essentially the method used by Eppstein 
and Morgulis (’42) and has the advantage of not requiring a 
large number of metabolism cages. The procedure assumes 
that the creatinine excretion is constant and is unaffected by 
the dystrophic condition. This is not strictly true, since 
Mackenzie and McCollmn ( ’41) have shown variations in the 
creatinine excretion curve ranging from a maximum of about 
30 mg daily during dystrophy to about 22 mg daily in the 
normal rabbit. However, with creatine values of 70 to 90 mg 



T0C50PHEK0L ACTIVITY IN’ DYSTROPHY 


97 


during dystrophy, falling to less than 10 mg daily in the nor- 
mal rabbit, this slight creatinine variation does not seriously 
interfere with the ratio method of following the dystrophic 
condition. 

A numerical creatinuria-ratio value of “1” indicates no 
creatine. A value of less than 1.3 is considered normal. When 
the ratio value has risen to about 4, a single dose of a curative 
test substance is given and the creatinuria ratios are deter- 
mined daily until dystrophy has again set in. A single rabbit 
is often used for as many as 5 determinations, but deaths 
are common since it is difficult to determine when a rabbit has 
gone beyond the response stage. Occasionally it appears that 
supplement administration precipitates a complete, spastic 
“paralysis” in which the animal’s body is entirely non- 
flexible and it is unable to raise its head to eat. This con- 
dition lasts for several days before death. a-Tocopherol given 
by mouth or subcutaneous injection of a-tocopheryl phosphate 
is of no benefit. 

The response resulting from a test substance is taken as 
the number of days between dosage and the time when the 
creatinuria ratio has reached the same level as at the dosage 
point. This procedure eliminates sonic of the effect of 
creatinine variation, since the animals presumably have the 
same degree of dystrophy at both time points. 

A typical example of the growth and creatinuria response 
to a-tocopherol is shown in figure 1. A certain degree of 
correlation can be noted between the growth effects and the 
creatinuria ratio responses. As pointed out by Mackenzie et 
al. (’40), creatinuria is the most dependable symptom of 
vitamin E deficiency in rabbits and precedes both the weight 
change and the physical symptoms. Although creatinuria may 
result from causes, other than vitamin E deficiency, we feel 
that this possibility can be ignored here because all rabbits 
are subjected to at least 1 cure with a-tocopherol. 

The tocopherol compounds to be tested were dissolved in 
IT.S.P. olive oil, in such concentrations that between 4 and 8 
drops (0.1 to 0.2 gm) delivered from a specially calibrated 
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dropper would furnish the desired quantity. Calibration was 
made by weight and by the Emmerie-Engel reaction for fat- 
soluble reducing substances. The materials tested were 
natural d,a-, 3-, and Y-tooopherol prepared by Dr. Karl Meng 
in this laboratory, the synthetic dl,a- and y-tocopherols,* and 
d,a-tocopheryl phosphate of 70% purity used in water solution. 



Fig. 1 Typical growth responses and changes in creatinurea index induced by 
oral administration of a-tocopherol. In some instances vitamin £ was fed in a 
single dose and in others it was fed daily for 2 weeks. 


Response to d,a-tocopherol 

Several levels of d,o-tocopherol varying from about 2 to 
24 mg were fed in single doses to dystrophic rabbits. The 
creatinuria ratio curves were determined as outlined in the 
previous section. Dosages are expressed in terms of milli- 
grams per kilogram pf body weight at the time of dosage. 
The responses (days cured) were obtained from the ratio 
curves. 

•Merck. 




TOOOPHEBOL ACTIVITY IN DYSTBOPHY 


99 


From the results tabulated in table 2 it appears that the 
responses are a linear function of the logarithm of the dose 
(mg/kg body weight) ; on diet 38 the average constant, K, 
(response/log dose) is 12.5 dr 3.1 (S.D.) while on diet 381 
the value is 15.7 ± 1.8 (S.D.). These values correspond with 


TABLE 2 


Dose-response 

relations 

on feeding single 

doses of 

d, a-tocopherol 


to 

dystrophic rabbits. 


BODY WEIGHT 

DOSE 

UOG DOSE 

RESPONSE 

K 

kg 

mg /kg 

A. Diet 38 

days 

days cured 
log dose 

0.60 

3.54 

0.549 

5.8 

10.6 

0.65 

3.28 

0.516 

6.7 

13.0 

0.64 

6.65 

0.823 

9.0 

10.9 

0.80 

5.30 

0.724 

13.0 

17.9 

0.71 

6.00 

0.778 

8.0 

10.3 

0.55 

15.40 

1.188 

10.5 

8.9 

0.60 

14.20 

1.152 

13.3 

11.5 

0.70 

12.1 

1.083 

18.7 

17.3 

0.95 

21.2 

1.326 

16.6 

12.5 

0.75 

22.6 

1,354 

21.4 

15.8 

0.80 

21,2 

1.326 

11.5 

8.7 

12.5 ± 3.1 (S.D.) 



B. Diet 381 



1.08 

22.20 

1.346 

24.0 

17.8 

1.06 

9.42 

0.974 

15.0 

15.4 

1.21 

8.25 

0.917 

12.2 

13.3 

1.37 

14.60 

1.164 

17.5 

15.0 

1.41 

4.26 

0.629 

9.5 

15.1 

1.07 

18.70 

1.272 

22 8 

17.9 

15.8 ± 1.8 (S.D.) 


an average daily curative dose of 1.2 and 1.1 mg a-tocopherol, 
respectively. Diet 38 has been used for the remainder of the 
work to be reported, but it appears that diet 381 has many 
points of superiority, chief of which is the smaller coefficient 
of variation in response and the better growth and general 
health obtained. 
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Since the apparent curative dose of a-tocopherol is about 
1.1 mg/kg daily, a dystrophic rabbit was given a suboptimal 
dosage of 0.7 mg of d, a-tocopherol daily for 11 days. As shown 
in figure 1 the creatinuria declined but was not completely 
cured. After cessation of dosage the creatinuria rose almost 
immediately. A larger daily dose (1.4 mg) of a-tocopherol 
brought about a more effective cure. 


TABLE 8 

Activity of various tooopherols in terms of d, a-tocopherol equivalence. 


BODY WT. 
or RABBIT 

DOSE 

liOG 

DOSE 

DAYS 

OURBD 

d,a-TOCOPHBBOL 

EQUIVALENOTC 

kg , 

mg! kg 


dl,a-Tocopherol 

mg! kg 

% 

1.05 

16.0 

1.204 

13.0 

11.0 

68.8 

0.95 

11.8 

1.072 

8.6 

4.9 

41.5 

0.80 

17.5 

1.243 

15.4 

17.0 

97.7 

1.20 

9.4 

0.973 

8.3 

4.7 

48.9 

0.92 

12.2 

1.086 

12.2 

9.5 

77.9 

1.30 

10.8 

1.033 

13.0 

11.0 

101.9 

1.04 

10.8 

1.033 

14.6 

14.8 

136.1 




d,i3'Tocopherol 

Average 

81.8 ± 12.4 (S.E.) 

0.75 

14.7 

1.167 

7.7 

4.2 

28.5 

0.80 

14.0 

1.146 

7.9 

4.3 

30.7 




d, 7 -Tocopherol 

Average 

29.6 

0.60 

33.4 

1.524 

7.7 

4.2 

12.6 

0.65 

30.8 

1.489 

10.5 

7.1 

23.1 

0.60 

16.7 

1.223 

7.2 

3.8 

22.8 




dl, 7 *Tocopherol 

Average 

19.5 

0.75 

40.0 

1.602 

3.0 

1;7 

4.3 

0.60 

83.2 

1.920 

8.9 

5.2 

6.2 

1«25 

40.0 

1.602 

7.6 

4.1 

10.2 





Average 

6.9 
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Response to other tocopherols 

Harris, Jensen, Joife and Mason (’44) noted that dl,a- 
tocopherol was only 66% as active as d,a-tocopherol in pre- 
venting resorptive sterility in rats. A similar difference in 
the anti-dystrophy potency of these 2 substances has been 
observed, as shown in table 3 ; the racemic mixture has, on the 
average, 82% of the activity of the natural enantiomorph. 
However, the variations are large. By the statistical “t” test 
of Fisher the difference is only significant at a level of 
P = 0.2 (80 chances in 100 that the difference is significant). 
The average K value of 12.5 as obtained is table 1 was used 
in calculating the results since these rabbits were on diet 38. 

The natural d,Y- tocopherol is almost 3 times as active as 
the synthetic dl,Y-tocopherol in curing dystrophy (table 3). 
The synthetic y- has about 8.5% of the activity of synthetic 
a-, and the natural y- has about 20% of the activity of the 
natural a-. A small part of the difference between natural 
and synthetic Y-tocopherols can be attributed to a-tocopherol 
remaining in the former. 

The natural d,6-tocopherol shows about 30% of the activity 
of the d,a-tocopherol. 

In general, the activity of the various forms of tocopherol 
shows much the same relationship in the cure of dystrophy in 
rabbits as in the prevention of resorption in pregnant rats 
(Harris et al., ’44). 

Response to d,a-tocopheryl phosphate administered 
orally and parenterally 

Injections of a-tocopherol or a-tocopheryl acetate are of 
little or no benefit in curing muscular dystrophy in the rabbit 
(Mackenzie and McCollum, ’41; Eppstein and Morgulis, ’41). 
Injections of d,a-tocopheryl phosphate, on the other hand, are 
somewhat more active than the oral administration of dl,a- 
tocopheryl acetate (Eppstein and Morgulis, ’42). 

We have fed and injected d,a-tocopheryl phosphate into 
dystrophic rabbits with the following results: Orally the 
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tocopheryl phosphate was 35% more potent than equivalent 
doses of d,a-tocopherol. When the phosphate was injected 
intramuscularly cures were obtained, but the creatinuria ratio 
curves were of such a character as to make quantitative inter- 
pretation difficult. Three of these curves are shown in figure 2. 



Fiif. 2 Typical response, ereatinurea ratios, obtained in rabbits injected with 
dytt-tocopherjl phosphate. 


It will be noted that the urinary creatine falls to a normal 
level much more slowly-than after oral tocopherol administra- 
tion. Similarly the recurrence of dystrophy is sluggish. In 
the case of the first 2 animals in figure 2, the gain in body 
weight during the 30 and 34 days following tocopheryl phos- 








TOOOPHEEOL, ACTIVITY IN DYSTROPHY 


103 


phate injection was 300 and 360 gm, respectively. The rabbits 
then began to lose weight with little or no change in their 
level of creatine excretion. After becoming extremely emaci- 
ated they died by the end of the second month without again 
developing more than a trace of muscular weakness. There is 
no way in which their creatinuria ratio curves can be quanti- 
tatively interpreted according to the formula used in the 
previous section. If the recurrence of dystrophy is taken as 
the point where weight loss sets in, the activity of the injected 
tocopheryl phosphate may be calculated at 50 and 53 times 
more active than d,a-tocopherol given orally, and about 6 times 
more active in the case of the third rabbit of figure 2. 

Effect of unsaturated fats on production of dystrophy 

The vitamin E requirement of several species is known to 
be increased by the inclusion of unsaturated fats in the diet. 
Gottlieb et al. (’43) showed this for rats using tocopherol- 
free cottonseed oil. Dam (’44) studied the effect of highly 
unsaturated fractions of hog-liver fat on the vitamin E needs 
of chickens. Mackenzie and McCollum (’41) have shown that 
cod-liver oil increases the vitamin E requirement of rabbits 
and aggravates the dystrophic condition. 

Figure 3 illustrates the rate of onset of dystrophy in rabbits 
as influenced by unsaturated fats, using the creatinuria ratio 
as the criterion. For this series 38-A was used (diet 38 with 
the cod-liver oil omitted). Young rabbits were transferred to 
this diet in the usual way. The various oils tested were fed 
daily from a hypodermic syringe in quantities of 1.2 ml. All 
oils were fortified with a concentrate of vitamins A and D to 
the level of cod-liver oil. The control receiving no oil was fed 
an equivalent amount of the A and D concentrate by dropper 
weekly. The oils used were freed of their tocopherols by 
molecular distillation.® 

From the results shown in figure 3 it is apparent that the 
vitamin-free soybean and com oils and corn oil plus 0.1% 

• This was kindly done for us by Mr. E. Barnitz of this laboratory. 
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hydroquinone were as effective as cod-liver oil in inducing 
dystrophy. The feeding of the oils was stopped on the six- 
teenth day. It is interesting to note that the creatine excre- 
tion dropped toward normal when the oil was stopped, showing 
more clearly a direct relation of the oils to the condition of 
dystrophy. After a temporary recession the creatinuria set 
in again without restitution of the oils. 



ITnsaturated vegetable fats are as effective as cod liver oil in inducing creatinurea 
(muscle dystrophy). 
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DISCUSSION 

The natural d,o-, 3-, and y-tocopherols show anti-creatinuria 
activity in the ratio of 1.0, 0.3, and 0.2, respectively. The 
synthetic dl,a- and y-tocopherols are less active than the 
natural forms. These relative activities are of approximately 
the same order and degree as has previously been found for 
the prevention of fetal resorption in rats (Harris et al., ’44). 
The relative activities are also in the same order as their 
antioxidant potencies in vitro, as determined by Hove and 
Hove (’44). 

The cure of the creatinuria of dystrophic rabbits following 
injection of d,a-tocopheryl phosphate shows an interesting 
situation. It appears that the injected tocopheryl phosphate 
is less readily available to the animal than tocopherol given 
orally. This is shown by the slow fall of creatine excretion. 
However, the activity ip maintained over a much longer period 
than would be expected, and recurrence of dystrophy occurs 
very slowly. The animals may be said to be in a chronic state 
of dystrophy. Possibly these results indicate that the phos- 
phate is not the physiologically necessary form of the vitamin. 
An alternate explanation is that the phosphate becomes bound 
to protein near the site of injection and is liberated slowly 
over a long period of time. A search for tocopheryl phosphate 
esterases in animal tissues might throw some light on this 
situation. 

The interrelation of unsaturated fats and tocopherol has 
been emphasized by showing that the dystrophy-inducing 
properties of cod-liver oil are shared by tocopherol-free soy- 
bean oil and corn oil. The reverse of this interrelation, wherein 
tocopherols protect or spare essential unsaturated fat acids 
has recently been shown by Hove and Harris (’46). 

In its present form the cure of dystrophy in rabbits does 
not offer special advantage as a bioassay procedure for vita- 
min E. Although it is more rapid, it lacks precision and is 
somewhat more laborious than the fetal resorption method 
using rats. 
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SUMMARY 

1. The relative activity of natural a-, 3-, and y-tocophSrols 
in the cure of creatinuria associated with muscular dystrophy 
in rabbits has been found to be 100, 30, and 20, respectively. 

2. The minimum curative dose of natural (d) a-tocopherol 
was 1.1 mg per kilo of body weight per day. For synthetic 
(dl) a-tocopherol the minimum curative dose was 1.4 mg per 
kilo per day. 

3. The anti-dystrophy potency of synthetic dl,Y-tocopherol 
was about 30% that of natural d,Y- tocopherol. 

4..d,o-Tocopheryl phosphate injected intramuscularly into 
dystrophic rabbits brings about a slower but longer-lasting 
cure. The possible significance of this is discussed. 

5. Tocopherol-free corn and soybean oils are as effective as 
cod-liver oil in accelerating the onset of nutritional muscular 
dystrophy. 
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Efforts to assess the nutriture of children with respect to 
iron have usually been limited to studies of hemoglobin con- 
centration and of dietary intakes. Both of these methods have 
recognized limitations and the interpretation of the data 
obtained is often controversial. Thus, hemoglobin concentra- 
tions below arbitrary limits varying from 10 to 14 gm per 
100 ml have been interpreted as^signifying anemia (Committee 
on Diagnosis and Pathology of Nutritional Deficiencies, ’43) 
and dietary intakes less than the Recommended Dietary Al- 
lowances have been cited as evidence of iron deficiency states, 
although these Recommended Allowances were purposely set 
at a high level and the estimates of allowances for children 
were based on rather meager data (Food and Nutrition Board, 
National Research Council, ’45). 

These considerations have prompted us to organize a pilot 
study of the absorption of radioactive iron by a group of 
school children (Darby, Hahn, Steinkamp and Kaser, ’46). 

* This study was supported by grants from the Nutrition Foundation, Inc., the 
International Health Division of The Rockefeller Foundation, and the Tennessee 
Department of Public Health. ■ 
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The data accumulated in this study have not revealed the 
presence of any considerable degree of iron deficiency among 
the children studied, but the study has given a new approach 
to the problem of iron requirements. This study has demon- 
strated for the first time the feasibility of employing isotopes 
in large-scale surveys of the nutriture of populations and has 
led to the institution of a more extensive similar investigation 
of the iron requirements during pregnancy (Vanderbilt Co- 
operative Study of Maternal and Infant Nutrition, to be 
published) 

EXPERIMENTAL 

Two grade schools for white children in Nashville, Tennes- 
see, were selected to obtain the extremes of economic group- 
ings. School C served a low economic area. School R a high 
economic district. Some characteristics of the two school dis- 
tricts are compared in the data of table 1 derived from the 
sixteenth census of the U.S. (’42). The total number of sub- 
jects examined were 259 and comprised 88% of the second and 
third grade pupils in School R and 92% of the pupils, in the 
same grades in School C. All studies were made between 
January 22 and March 31, 1945. 

The following observations were made on each child : a physi- 
cal examination, laboratory determinations on venous blood 
of total hemoglobin (Evelyn and Malloy, ’38; Rubicon Com- 
pany, no date), packed cell volume (Wintrobe, ’33), serum 
albumin (miero-Kjeldahl procedure), serum vitamin A (Kaser 
and Stekol, ’43) and ascorbic acid (Bessey, ’38), and the cal- 
culation of a 7-day food intake record (Steinkamp, Robinson 
and Kaser, ’45). Measurement of the radioactive iron absorp- 
tion was completed as follows on 188 of the subjects,® 176 
of whom were aged 7-10 years. A. known aliquot of 2-3 mg 
of ferrous chloride containing Fe®®, 47-day half life, reduced 

* The number of subjects upon whom the iron studies were completed is smaller 
than the total number of c'hildren examined because of unavoidable losses of 
samples, of inability to complete the studies on some children due to absenteeism, 
moving from the area, etc. There was no purposeful selection of the subjects 
for iron absorption studies and no evidence of the occurrence of unconscious 
selection. 



ABSOBPTION OP EADIOIBON BY CHILBEEN 


109 


with a slight excess of ascorbic -acid, was given orally. This 
was dispensed in a cup of lemonade and the cup was then 
rinsed by a second serving of the beverage without added iron. 
The test dose was administered at least an hour before or 
after lunch. Two to 4 weeks later another 10-ml sample of 
venous blood was taken for estimations of the radioactivity 

TABLE 1 


Population and housing characteristics of school districts E and C, Nashville, 
Tennessee, according to the U. S, census of 1940, 



1 

1 

CHARACTERIBTIO | 

NUMBER OF INOIVIDUALS 

PER CENT OF TOTAL 


District R 

District C 

District R 

District 0 

i 

I 

Major occupation group 






Total in occupation group 

2,162 

4,271 

100.0 

100.0 


Professional work(?rs 

311 

57 

14.4 

1.3 


Semi-professional workers i 
Proprietors, managers, 

41 

26 

1.9 

0.6 


officials 

Clerical, sales, and kindred 

534 

196 

24.7 

4.6 


workers 

Craftsmen, foremen, and 

884 

742 

40.9 

17.4 


kindred workers 

101 

728 

4.7 

17.0 


Operators and kindred 






w’orkers 

51 

1,360 

2.4 

31.8 


Domestic service workers 
Service workers, except 

152 

! 

349 

7.0 

8.2 


domestic 

66 

355 

3.0 

8.3 


Laborers 

1 7 

432 

0.3 

10.1 


Occupation not reported 

I 15 

26 

0.7 

0.6 

II 

Population by race 

i 





Total 

: 5,161 

13,239 

100.0 

100.0 


White 

i 4,977 

11,456 

96.4 

86.5 


Colored 

1 184 

1,783 

3.6 

13.5 

III 

Per cent of dwelling units 






owner-occupied 



52.7 

8.6 

IV 

Median contract or estimated 






monthly rent of all dwell- 
ing units (dollars) 

49.79 

13.96 



V 

Per cent of dwelling units 






needing major repairs 



2.5 

18.6 
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of hemoglobin iron and, simultaneously, the packed cell volume 
and the hemoglobin concentrations were again determined. 
The estimations of radioactive iron were made as described 
elsewhere (Hahn, ’45; Hahn, Jones, Lowe, Meneely and Pea- 
cock, ’45). 

From the packed cell volume and the body weight data the 
total red cell mass was estimated by the formula of Balfour, 
Hahn, Bale, Ponunerenke and Whipple ( ’42) : 

Body weight in kg X 80 X venous hematocrit reading X 0.75 = Estimated cell 

mass 

The total radioactivity of the circulating hemoglobin iron 
was then calculated and the percentage absorption of radio- 
active iron estimated. In this estimation the two assumptions 
were made that most of the absorbed iron was converted to 
the iron of the hemoglobin of the circulating red cells and that 
the iron was not excreted. These assumptions have been dem- 
onstrated to be valid for adult iron deficient animals (Hahn 
and Whipple, ’36 ; McCance and Widdowson, ’37 ; Miller and 
Hahn, ’40; Hahn, Bale, Ross, Hettig and Whipple, ’40; Hahn, 
Bale, Hettig, Kamen and Whipple, ’39; Cruz, Hahn and Bale, 
’42; Moore, Dubach, Minnich and Roberts, ’44), although the 
validity has not been tested for the growing organism. 

BESUIiTS AKD DISCUSSION 

That there existed a pronounced difference in the economic 
levels of these two groups of children is apparent from the 
data of table 1. The children in School R, the economically 
higher district, had more abundant intakes of calories, protein, 
vitamins, and minerals than did those of School C. Likewise 
they showed greater body weights for their ages and higher 
levels of serum ascorbic acid and carotene (table 2). By all 
measures the children of School R were abundantly nour- 
ished. Despite these differences, the differences in mean hemo- 
globin concentrations by sex for the ages 7 to 10 are but on the 
borderline of statistical significance (table 3). The differences 
by sex at the individual ages are significant only for 10-year 
old boys and 7-year old girls, although the numbers are small 
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TABLE 2 


Comparison of mean nutritional assessments of children in schools It and C, 
Nashville, Tennessee, 1945. 



SCHOOIi R 

SCHOOL 0 

1 

AS8ES8MXNT 

1 

No. of 
chil- 
dren ^ 

Sex 

Mean ± S.E. 

No. of 
chil- 
dren ^ 

Sex 

Mean ± S.E. 

Per cent of standard weight 

i 

60 

MF 

1 105.0 ± 1.6 

199 

MF 

97.2 ± 0.7 

Calculated daily intake 



i 




Calories 

26 

M 

1931 ± 73 

82 

M 

1842 ± 43 

Calories 

30 

F 

1850 ± 58 

102 

F 

1745 ± 38 

Protein (gm) 

56 

MF 

68.2 ± 1.7 

184 

mf| 

59.5 ± 1.1 

Calcium (mg) 

56 

MP 

1193 ± 34 

184 

MF 

889 ± 23 

Iron (mg) 

56 

MF 

11.7 ± 0.36 

184 

MF 1 

10.8 ± 0.19 

Total vitamin A (I.XJ.) 

56 

MF 

6429 ± 436 

184 

MF 

3793 ± 169 

Ascorbic acid (mg) 

56 

MF 

67.2 ± 3.7 

184 

MF 

36.6 ± 1.6 

Laboratory findings 



i 




Serum ascorbic acid 
(mg/100 ml) 

Serum carotene 

47 

MF 

0.814 ± 0.07 

187 

MF 

0.493 ± 0.03 

1 

(ng/100 ml) 

Serum vitamin A 

52 

MF 

152 ± 7.3 

181 

MF 

96 ± 3.0 

(I.U./lOO ml) 

Scrum albumin 

50 

MF 

93 ± 3.6 

172 

MF 

95.7 ± 2.3 

(gm/100 ml) 

46 

MF 

4.96 ± 0.037 

190 

MF 

4.97 ± 0.022 


* Some of the data on certain children were incomplete ; hence, the variations in 
the numbers. 

and there is a general trend toward slightly lower values in 
School C. We do not feel that the magnitude of these differ- 
ences is great enough to indicate a physiologically important 
distinction between the 2 schools. It is apparent from figure 2 
that there existed no consistent differences in the radioiron ab- 
sorption of the children in the 2 schools. Hence, for pur- 
poses of further analyses we have combined the data on 
children from the two schools. 

The mean hemoglobin values (table 3) are essentially iden- 
tical with the means for children in elementary and secondary 
schools, preparatory boarding schools, and public schools in 
Great Britain in 1943 (Committee on Haemoglobin Surveys, 




Mean hemoglobin concentrations of children^ age 7—10 years, schools C and S, Nashville, Tennessee, 1945. 
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’45), with the values recorded by Macy (’46) for healthy 
children, and wdth the mean levels of similarly aged children 
in British Columbia (Pett and Hanley, ’46), and with those 
compiled by Wintrobe ( ’42). It seems unlikely that they reflect 
any appreciable degree of iron deficiency. 

The adult with anemia due to iron deficiency exhibits a 
greater than usual absorption of iron by the method em- 
ployed in this investigation (Balfour, Hahn, Bale, Pom- 
merenke and Whipple, ’42; Hahn, Jones, Lowe, Meneely and 


ABSORPTION OF RADIOACTIVE IRON BY BOYS AND GIRLS 



Peacock, ’45 ; Moore, Dubach, Minnich and Eoberts, ’44; Darby, 
’46). Thus, hemoglobin concentration and iron absorption 
may both reflect a body deficit of this element. The lack of 
correlation between these 2 variables in this study (fig. 1) is 
interpreted by us as further evidence that the hemoglobin 
levels as a group were not limited by iron deficiency, and that 
the means and distributions of hemoglobin concentration 
found are probably satisfactory for this age group. This con- 
clusion is also supported by the finding that the mean cor- 
puscular hemoglobin concentration for the series was 31.9% 
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and 32.4% with standard deviations of 1.18 and 0.9, respec- 
tively, for Schools C and R. None of these children presented 
the physical signs of iron deficiency sometimes observed in 
adults (Darby, ’46). 

The mean calculated daily iron intake of these children was 
11.7 ±: 0.36 mg and 10.8 ± 0.19 mg, respectively, for Schools 
B and C. This level is to be compared with a mean intake of 
9.0 mg and 10.7 mg for 7- to 8-y ear-olds and 10- to 12-year olds, 
respectively, concluded by Oldham, Roberts and Young ( ’45) 
to be adequate. Furthermore, the mean intakes of iron of 
these children approximated the Recommended Dietary Al- 
lowances (Food and Nutrition Board, ’45) and the intakes 
considered by Johnston and Roberts (’42) to be satisfactory 
for a similar age group. The dietary studies, therefore, also 
indicated a generally satisfactory nutritional status of these 
children with respect to iron. 

Analysis of the absorption data revealed a remarkable 
increase in the mean uptake of iron from the 7- to the 9-year 
groups (fig. 2). Although some of the distributions of ab- 
sorjrtion are somewhat skewed, the increase is apparent in 
both the means and medians of each age group and it occurs 
in the children of both schools. In the 8-year-old group there 
appeared a significant sex difference in the average per cent 
of iron absorbed (table 4). The girls absorbed a significantly 
higher percentage of the administered iron. Upon comparison 
of these mean absorption values with the estimates of Heath 
and Patek (’37) for the yearly iron requirements, it is seen 
that these differences in iron absorption parahel, in general, 
the estimated yearly increments of body iron. This parallelism 
is in agreement with the modem theory of iron metabolism 
(McC^ance and Widdowson, ’37 ; Hahn, Bale, Lawrence and 
Whipple, ’39). Thus, if the body absorbs iron only as it is 
needed, the increased requirement during periods of more 
rapid growth should be reflected in an increased absorption 
of iron from the gastrointestinal tract at this time. This same 
proportionality of absorption and need for iron is further 
illustrated by data on iron absorption during pregnancy (Bal- 
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four, Hahn, Bale, Pommerenke and Whipple, ’42 ; Vanderbilt 
Cooperative Study of Maternal and Infant Nutrition, to be 
published), which indicate that there occurs an increased up- 
take of iron during the latter part of pregnancy. 

ABSORPTION OF RADIOACTIVE IRON BY BOYS AND GIRLS 
AGED 7-12 YEARS 

w SCHOOLS C AND R, NASHVILLE, JANUARY-APRIL, 1945 
o 



? AGE IN YEARS 

Figure 2 

Since the quantity of iron given to these children is ap- 
proximately that which one might obtain from an ordinary 
meal, it is possible to estimate from these mean absorption 
figures the actual mean intake of absorbable iron which is nec- 
essary to supply the yearly increment of body iron. This intake 
divided by 365 gives an estimate of the daily requirement 
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of absorbable iron. This calculation is illustrated by the 
formula : 

Total yearly gain in circu- 
latory and parenchymal iron X 100 X 100 Mean daily require- 

_ patent uptake of absorbable iron 

The factor is introduced as an allowance for the storage 
iron, of which the data of Heath and Patek do not take ac- 
count, and is an approximation of the storage iron arrived at 
by Hahn (’37), from analyses of perfused dog tissues. Em- 
ploying the estimates of Heath and Patek (’37) for the total 
yearly gain in circulatory and parenchymal iron and applying 
this calculation, ohe finds the following estimated mean daily 
requirements of absorbable iron : for boys 7, 8, 9 and 10 years 
old 2.6, 2.4, 3.2 and 2.7 mg, respectively; and for girls 7, 8, 
9 and 10 years old 3.0, 2.3, 2.4 and 3.8 mg, respectively. 

If one assumes that 50% of the dietary iron is absorbable it 
is obvious that this method of calculation results in a much 
lower estimate of requirements than the presently accepted 
allowances. Despite this, it is apparent that these calculations 
are maximal, for in them it has been assumed that all of the 
absorbed iron appears in the blood. A correction for iron 
deposited elsewhere would increase the estimate of absorption 
and, thereby, reduce the magnitude of the dietary require- 
ment. It is emphasized that these estimates are for the mean 
dietary requirement of absorbable iron and at present that 
there exists no reliable means of estimating the quantity of 
absorbable iron in a dietary; hence, the requirement of total 
dietary iron cannot now be ascertained by this method. A 
similar estimate of yearly requirements of body iron based 
on body weight and the iron content of the tissues of lower 
animals (Hahn and Whipple, ’36) indicates yearly increments 
approximately twice the magnitude obtained by Heath and 
Patek. More data on the iron content of human tissues are 
required before completely reliable estimations of require- 
ments can be made by this method. 

It is apparent that iron absorption data such as these may 
offer a valid means of determining requireihents, especially 
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when quantitative estimates of absorbable iron in foodstntfs 
are available. The present pilot study demonstrates the possi- 
bilities inherent in this approach. The data lead us to suggest 
that the Recommended Dietary Allowances for iron for chil- 
dren of this age are liberal. It is probable that intakes lower 
than the present allowances would be adequate if one may 
assume that at least 50% of the dietary iron is absorbable. 

SUMMARY 

Determinations of iron absorption on 176 school children, 
aged 7-10 years, have indicated a mean uptake of 7.75 to 
17.75% of a test dose of 2-3 mg of ferrous iron. The median 
intakes were slightly lower. 

The uptake was found to be correlated with the estimated 
yearly increases of body iron during growth; it was not cor- 
related in these children with other factors tested for, such as 
economic status of the group, dietary intake as estimated, 
the hemoglobin level, or general nutritive state. 

A new method for the calculation of iron requirements is 
outlined. 

It is estimated from these data that the mean daily require- 
ment of absorbable iron is 2.3-3.8 mg for children of this age 
group. 

It appears that the mean level of approximately 13 gm of 
hemoglobin in these children was not limited by iron de- 
ficiency. 
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Eecently a more nearly synthetic ration for the assay of 
vitamin Be with the rat has been described and the biological 
activity of pyridoxine, pyridoxamine and pyridoxal deter- 
mined under various conditions of administration (Sarma, 
Snell and Elvehjem, ’46). Although these 3 compounds were 
equally active when fed by dropper as daily supplements to 
the ration, or when injected intraperitoneally, pyridoxal and 
pyridoxamine were less active than pyridoxine when the 3 
compounds were mixed with the ration. This was also true 
for the chick. Since these 3 compounds occur naturally, and 
since vitamin Be is ordinarily ingested with the ration, it is 
clear that microbiological assays with Neurospora sitophila 
(Stokes, Larsen, Woodward and Foster, ’43) or Saccharo- 
myces carlsbergensis (Atkin, Schultz, Williams and Frey, ’43) 
for which pyridoxine, pyridoxal and pyridoxamine are equally 
active (Snell and Rannefeld, ’45), do not necessarily reflect 
the potency of natural foodstuffs as sources of vitamin Be for 
animal nutrition. In the present paper the vitamin Be content 
of several foodstuffs as determined by rat assay on the new 

^Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. This work was supported in part by a grant from the Wander 
Company, Chicago, Illinois. We are indebted to Merck and Company, Inc., 
Rahway, New Jersey, for the generous supply of crystalline B vitamins and to 
the Abbott Laboratories, North Chicago, Illinois, for the generous supply of 
haliver oil. 
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ration is given. The influence of certain dietary factors in 
modifying the activity of pyridoxal and pyridoxine is also 
considered. Previous values for the vitamin Be content of 
foodstuffs, as determined by animal assay against a pyri- 
doxine standard, have been reported by Conger and Elvehjem 
(’41), Henderson, Waisman and Elvehjem (’41), Teply, 
Strong and Elvehjem ( ’42). 

EXPERIMENTAL 

The ration employed for the bioassay of vitamin Be and 
the standard curve obtained with graded amounts of pyri- 
doxine HCl have been described previously (Sarma et al., ’46). 
At least 3 animals were used in each group and in many cases 
a second group of animals was used in order to confirm the 
results. With each series of experiments, a curve relating 
weight gain to concentration of pure pyridoxine HCl was 
obtained and was found to be similar to that described before. 
The biological materials to be assayed were mixed in the 
ration and fed at 2 levels estimated to supply between 25 and 
75 ag of vitamin Bo per 100 gm of ration. Weights were re- 
corded weekly and after an assay period of 4 weeks, the 
average weekly gain of rats in each group was calculated. 
The vitamin Bo content of the material under investigation 
was obtained by reference to the standard curve in each set 
of experiments. 

A variety of biological materials was assayed in this fashion. 
The results, expressed as pyridoxine hydrochloride, are sum- 
marized in table 1. A number of the same samples was assayed 
by the yeast growth method of Atkin et al. (’43) in an inde- 
pendent investigation dealing with extraction procedures for 
vitamin Be (Eabinowitz and Snell, ’46). These values and 
other comparative values from the literature are also included 
in the table. 

The vitamin Be content of the various materials as deter- 
mined on the improved ration is of the same order of magni- 
tude as that obtained by other workers. For most of the 
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foodstuffs the assay has been conducted at 2 different levels. 
The values obtained at 2 levels, although similar, were never 
identical. Usually, but not always, higher results were found 
at the lower level of assay. Similar “drifts” have often been 
encountered in microbiological assays (Neal and Strong, ’43). 

TABLE 1 


Vitamin content (ti>g/gm) of biological materials calculated as 
pyridoxine hydrochloride. 


MATKIMAL 

liOWBR 

bBVEU 

HIOHKR 

LBVKTi 

AVKRAOK 

FIGURE 

YEAST 
ASSAY ' 

VALUES IN 
LITERATURE 

Whole liver powder 



10.0 

14.2 


(Wilson) 

Liver i)owder 1 : 20 

34.3 

31.8 

33.1 


45.0 41.8 “ 

(Wilson) 

Liver fraction L 

15.0 

14.0 

14.5 

21.4 


(Wilson) 

Brewer ’s yeast 

26.0 

23.3 

24.7 

29.5 


Fleischrnann ’s yeast 

40.8 

37.8 

39.3 


55.0 39.3 “ 

Duplicate det’n. 

43.0 

36.0 

39.5 

44.0 

Lamb leg 



4.5 

4.6 

3.0^ 

Pork ham 

6.3 

5.2 

5.8 


5.9“ 

Beef liver 

. . . 


8.1 


7.3*, 7.1” 

Beef kidney 

9.2 

11.2 

10.2 

9.9 

4.4 • 

Wheat germ 

11.6 

9.0 

10.3 

11.2 

15.9*, 9.6 18.0“ 

Wliole wheat 

2.4 

2.9 

2.7 

4.1 

4.1“, 4.8®, 4.6* 

Boiled oats 



2.5 

1.9 


Rye 



3.7 


4.3* 

Yellow corn 

4.5 

4.0 

4.3 

5.7 

4.8* 

Corn grits 


. . . 

2.5 



Raw milled rice 
Soybean flour 

7.5 

6.7 

1.5 

7.1 

8.0 


Split peas 

. . . 


4.0 

1.9 


Vitab 

. . . 


51.7’ 

83.8’ 


Cerophyl 

6.3 

6.7 

6.5 

11.2 

8.0® 

Skim milk j»owder 



3.8 


5.5 * 


'Rabinowitz and Snell (’46). 

* Conger and Elvehjem (’41). 

“Atkin, Schultz, Williams and Frey (’43). 

* Henderson, Waisman and Elvehjem (’41). 

*Teply, Strong and Elvehjem (’42). 

•Stokes, Larsen, Woodward and Foster (’43). 

’ The samples assayed by yeast and rat growth methods were not identical in 
this case. 
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That the same phenomenon occurs in animal assays has rarely 
been pointed out, due chiefly to the fact that assays at more 
than a single level are not always carried out with animals. 
In the case of a sample of yeast ® the experiment was repeated 
for a second time at 2 different levels when similar variation 
in values was obtained. For many materials the rat assay 
values were lower than those obtained on the same samples 
by the yeast method. These lower values obtained by animal 
assay are to be expected from the observations made before 
(Sarma et al., ’46) that pyridoxal and pyridoxamine when 
mixed in the ration were less active than pyridoxine, while for 
yeast each of the 3 compounds possessed equal activity 
(Eabinowitz and Snell, ’46). Snell (’45) found by micro- 
biological assay using different organisms that in yeast, liver 
extracts and grass juice, most of the active material is in the 
pyridoxamine fraction. With each of these substances, rat 
assay gives lower values than does yeast assay. With some 
other similar materials, however, (e.g., beef kidney, wheat 
germ), almost identical values are obtained by the two 
methods. Determinations of the relative distribution of pyri- 
doxal, pyridoxamine and pyridoxine in these materials are 
not available. 

Influence of dietary factors in modifying the activity 
of pyridoxal and pyridoxine 

In view of the reports in the literature that vitamin Be is 
concerned with metabolism of protein (McHenry and Gavin, 
’41), particularly that of tryptophane (Miller and Baumann, 
’45) the effect of additions of various individual compounds, 
mostly amino acids, on the growth promoting powers of sub- 
optimal quantities of pyridoxine and pyridoxal was studied. 

Male weanling rats, after a depletion period of 2 weeks on 
the modified vitamin Be-deficient diet (Sarma et al., ’46) were 
fed the experimental diets described in table 2. All the diets 
contained sucrose as the carbohydrate but the protein com- 
ponent differed in the various diets as indicated in the table. 

■Fleisclimann’s yeast, B. C, No. 6. 
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The average weekly gain represents the average increase in 
weight during the experimental period of 4 weeks. 

The addition of dl-methionine at 1% level decreased the 
growth gain of vitamin Bg-deficient rats from 5 gm per week 
to only 1 gm per week (groups 1 and .2). A similar growth 

TABLE 2 

Inflmnce of certain factors in modifying the activity of pyridoxal and pyridoxine 
in vitamin B, deficient rats. 


AVERAGE WEEXLT 
GAIN AND RANGE 


gm 

1. Vitamin B# deficient diet (18% fibrin) 5 (5-6) 

2. Same as 1 -f 1% dl-methionine 1 (1-2) 

3. Vitamin deficient diet (18% casein) -f- 

50/Lig/100gm of pyridoxine HCl 18 (14-23) 

4. Same as 3 -1- 1% dl-methionine 6 (3-10) 

5. Same as 3 -f- 0.5% dl-tryptophane 14 (11-16) 

6. Same as 3 + 1% dl-tryptophanc 11 (9-12) 


7. Same as 3 -(- 0.5% dl-tryptophane + 0.5% indole 6 (2-10) 

8. Same as 3 -f 1% 1-cystine 

9. Vitamin B« deficient diet (18% casein 

-f 50 A*g/100 gm pyridoxal HCl 

10. Same as 9 -f" 1% dl-methionine 

11. Same as 9 + 0.5% indole 

12. Same as 9 -f- 0.5% indole -f- 0.5% tryptophane 

13. Same as 9 + 1% 1-cystine 

14. Same as 9 -f 1% dl-alanine 

15. Vitamin B, deficient diet (18% fibrin) 4- 

50 jitg/100 gm pyridoxine HCl 

16. Same as 15 -}- 5% oleic acid 

17. Vitamin B« deficient diet (18% fibrin) -f 

50 Mg/lOO gm pyridoxal HCl 

18. Same as 17 -f 5% oleic acid 


16 (15-16) 

11 (7-13) 

3 (2-4) 

8 (6-9) 

3 (2-5) 

12 (9-16) 
10 (7-12) 

19 (14-24) 

12 (10-15) 

13 (12-15) 
8 (5-11) 


depression was observed when dl-methionine or dl-trypto- 
phane or indole were added to rations containing suboptimal 
amounts of pyridoxine (groups 3 through 7) or pyridoxal 
(groups 9 through 12). 1-Cystine and dl-alanine did not have 
any significant effect on the activity of pyridoxal or pyridoxine 
(groups 8, 13 and 14). The addition of oleic acid at a 5% level 
to rations containing 50 jig or pyridoxine HCl or pyridoxal 
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HCl per 100 gm of ration resulted in a growth depression 
(groups 15 through 18), In all cases where growth inhibition 
was observed, the addition of 250 Mg of pyridoxine HCl or 
pyridoxal HCl per 100 gm of ration counteracted the growth 
retardation. 


DISCUSSION 

Miller and Baumann ( ’43) in studying xanthurenic acid ex- 
cretion in mice, found that mice on a diet containing 60% 
casein required 3 times as much pyridoxine as those on 20% 
casein diet to reduce the excretion of the pigment to the same 
level. They also found that the addition of 1-tryptophane de- 
creased the survival time of mice deficient in pyridoxine hut 
not to the same extent as the addition of casein of equivalent 
tryptophane content. From these observations it was clear 
that amino acids other than tryptophane contributed to the 
ill health of the pyridoxine-deficient mice. However, additions 
of tyrosine, histidine and phenylalanine to the diet did not 
affect the growth or survival time of the deficient mice,- The 
experiments reported here on rats confirm the above observa- 
tions regarding tryptophane in that additions of tryptophane 
to the diet containing suboptimal amounts of either pyridoxal 
or pyridoxine resulted in growth retardation. The experiments 
also suggest that indole acts in the same manner as trypto- 
phane and that dl-methionine is another amino acid whose 
metabolism may be intimately connected with the function of 
vitamin Bo, 

Several reports have appeared dealing with the interrela- 
tionship between vitamin Bo and unsaturated fatty acids 
though the exact mechanism is not clearly understood, Birch 
( ’38) showed that vitamin Bo and unsaturated fatty acids are 
both involved in aerodynia, while Schneider, Steenbock and 
Platz (’40) suggested that essential fatty acids, vitamin Bo 
and at least 1 other factor were concerned in the cure of the 
rat dermatitis, Salmon ( ’41 ) and Quackenbush, Kummerow, 
Platz and Steenbock (’42) have reported similar results. The 
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growth inhibition obtained with oleic acid and the subsequent 
counteraction with adequate amounts of vitamin B# offers 
additional evidence that vitamin Bg may be involved in the 
metabolism of unsaturated fatty acids. 

It is quite unlikely that in the estimation of vitamin Bg, 
tryptophane, methionine or oleic acid will be present in such 
high concentration as to interfere with the assay for vitamin 
Bg. However, the possibility cannot be completely ruled out 
especially with substances of high protein or fat content and 
low amounts of vitamin Bg. In such cases suitable controls 
will have to be devised before the estimation of vitamin Bg 
can be satisfactorily carried out. It was previously shown 
(Sarma et al., ’46) that in the presence of large amounts of 
dextrin, rats grew on the ration without added vitamin Bg. 
This result was attributed to intestinal synthesis of vitamin 
Bg under these conditions. It is possible that with substances 
low in vitamin Bg, but high in starchy materials, influences of 
this kind might produce erroneously high values. 

SUMMABY 

Vitamin Bg in various biological materials was determined 
with rats, using the modified vitamin B„-deficient ration 
(Sarma et al., ’46) and the results compared with the values 
obtained by other methods. The values obtained are in most 
cases somewhat lower than the values obtained by the yeast 
growth method, presumably due to the decreased activity of 
pyridoxamine and pyridoxal when mixed in the ration. 

dl-Tryptophane, indole, dl-methionine, and oleic acid have 
been shown to exert a growth retarding effect when added to 
rations containing suboptimal amounts of pyridoxal or pyri- 
doxine. This growth inhibition, however, was counteracted by 
adequate amounts of the vitamin. 1-Cystine and dl-alanine 
were shown to exert no appreciable effect under similar con- 
ditions. The possibility of these dietary factors influencing 
vitamin Bg estimation is discussed. 
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111 present day imtritional shulie.s involving rats it is 
ITossible to prepare liiglily purified rations of known com- 
position and lo select animals from well standardized strains. 
In this manner some of the more tronblesome variables of 
earlier work are successfully avoided. However, there remain 
certain faciors in all such ex)jerimentation Avhich are not so 
easily controlled. T’robably the most important of these is 
the influence of the intestinal flora, Avhich is free to operate in 
‘2 distinct Avays. First, in a direct manner AA'here the products 
of bacterial synthesis or degradation are absorbed through 
the intestinal wall of the rat ; and second, in an indirect man- 
ner where the feces or urine are ingested by the rat. Since 
both feces and urine contain products of the animal’s oaaui 
metabolism as well as .substances of bacterial origin, it is 
obvious that the animal’s OA\’n secretions and excretions are a 

‘ Published with the approval of the. Director of the Wisconsin Agricultural 
Experiment Station. This work was supported in part by funds granted by the 
National Dairy Council, Chicago, on behalf of the American Dairy Association; 
also by funds granted by the Evaporated Milk Association, CJliicago. We are 
indebted to Merck and Co., Inc., Rahway, New’ Jersey, for supplies of some of 
the synthetic B vitamins and a-tocopherol ; to the Winthrop Chemical Co., Inc,, 
New York, for crystalline vitamin D._.; and to the Wilson Laboratories, Chicago, 
for the liver powder. 
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source of variation in nutritional studies. No matter how pure 
the ration may be or how clean the ordinary type of cage is 
kept, there always remains the possibility that the animals 
can obtain contaminating natural products in the form of 
feces, urine, skin secretions, and hair. 

To control the direct eifects of the intestinal bacteria, it is 
necessary to effect a change of some sort in the flora itself. 
This can be done by the use of bacteria-free animals, or by the 
easier practice of feeding substances which either alter the 
kind and strain of bacteria present or else react with com- 
pounds produced by the flora. Thus, by the feeding of sulfa- 
drugs, it can be shown that the rat requires a dietary source 
of biotin (Nielsen and Elvehiem, ’42), folic acid (Daft and 
Sebrell, ’43), and vitamin K (Black etal., ’42). By the feeding 
of avidin the rat can be shown to require dietary biotin (Eakin 
et al., ’40). 

The control of the indirect influence of the bacterial flora 
and the animal’s owm secretions can best be exercised by 
preventing the animal from eating its feces and urine, and 
from licking its hair coat. Osborne and Mendel (’ll) made 
the observation that rats allowed to eat their feces grew better 
than those not permitted to do so. Steenbock et al. (’23) 
reported that animals receiving feces and half the required 
amount of vitamin “B” grew much better than those given 
no feces. That rats would eat 44 to 100% of their feces of- 
fered in the dried state was reported by Roscoe (’31), who 
also showed that rats lived longer on vitamin “B”-free 
rations when allowed to eat their feces. The work of Butcher 
and Francis (’23) on refection caused by feeding raw starch 
clearly indicated the importance of coprophagy. Though it 
would appear that the practice of using raised screen floor 
cages should eliminate coprophagy, one frequently secs ani- 
mals kept under such conditions obtain feces pellets as they 
leave the body. It is also very common to see these animals 
lick themselves and their cages after urination. These obser- 
vations have led various investigators to attempt the con- 
struction of devices designed to prevent coprophagy. 
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The restriction of the rat’s inoveinents by means of a 
harness has been unsuccessful to date because such mechan- 
isms must be held tightly in place but not so rigidly as to annoy 
the animal. Furthermore, the harness method of confinement 
does not prevent the animal from going around the cage and 
licking off the adhering fecal, urinary, and epidermal resi- 
dues. To surmount these difficulties investigators have tried 
to construct coprophagy-preventing cages. 

Schwartzer (’37) constructed a cage which was in effect a 
stationary harness. It consisted of a large sized test tube 
rack with enlarged holes and which was turned on its side 
when in use. The animal was so placed that the head, neck, 
and forepaws passed through the hole, and adhesive tajie was 
used to keep the rat in this position. In these cages weanling 
rats were reported to survive for an average of 10 days Avhen 
given a diet of raw whole milk. These rats died before devel- 
oping anemia, and on autopsy it was found that the gastro- 
intestinal tract was bloody. Comparable animals kept under 
these conditions but fed their own feces and urine in addition 
to the milk survived an average of 20 days at Avhich time they 
showed a hypochromic anemia, but no bloody intestinal tract. 
No minerals were added to the milk. 

Mannering and Cannon ( ’44) constructed a cage Avhich con- 
sisted of an endless circular ruuAA'ay formed by the space be- 
tween a screen wire bottom and a sheet metal cover AA’hich 
were separated by 2 perpendicular metal bands of unequal 
diameter. These Avorkers reported no studies iii Avhich this 
cage was used. 

Geyer and Boutwell (’45) developed a tubular cage for 
metabolism studies to prevent any contamination of the ex- 
creta by the food. A tube of wire mesh just large enough to 
hold the rat was attached to a small Avooden shaft. A food 
cup and water bottle were provided. Animals about 200 gm 
in weight were used and the collection periods were of short 
duration. Although a number of results Avere obtained, no 
groAvth studies were attempted. 
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Tile purpose of this paper is to describe several models of 
coprophagy-pre venting cages and to report some of the nu- 
tritional experiments performed with them. 

F.XPERIMENTAL 

Two types of co]jropliagy -preventing cages were con- 
structed. One was a circular t>’pe which allowed the animal 
an endless circular runway. The other was a tubular type 
which held the animal in a somewhat fixed iiosition. A detailed 
description of each and the nutritional studies made with each 
follow. 

The circular type cage 

The circular ty]ie of cage (fig. 1 ) consisted of a raised tloor 
(A) made of a disc of metal screening with vertical sheet 
metal sides (B). One of 2 adjustable metal bands (5 or li 



Fig. 1 Circular type anti-coprophagy cage. 


inches in height) formed the inner boundary circle (C) and 
was held in place by a circular screen top (D) which could be 
raised or lowered to fit the rat. Because of the adjustable 
width and vertical hei^pht, rats varying from 40 gm to 200 gm 
could be accomodated easily. A water bottle (E) and re- 
movable food cup (F) were provided. The rat was placed in 
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the circular runway and the inner band was enlarged until 
the animal had a minimum amount of room. The cover was 
then placed on top and fastened securely by means of the 
screw adjustment (G). Bolts (H) protruded through the 
spaces provided in the cover, and by means of the wing-nuts 
provided the band was held in place. Further adjustments 
were made as warranted by the growth of the confined animal. 


TABLE 1 

Experimental rations. 



I 

BASAL KATION 

II 

Sucrose 

Lactose or sucrose 

76 

48 

Casein ^ 

18 

20 

Salts IV * 

4 

4 

Corn oil “ 

Corn oil or butter fat 

2 

28 

Vitamins added per 100 gm ration: 

Diet I: 300 Mg thiamine; 400 Mg riboflavin; 350 Mg pyridoxine; 300 Mg nicotinic 

acid; 200 Mg 2-Me-l, 4-naphthoquinone; 

7 Mg biotin; 

2.5 mg Ca pantothenate; and 


100 mg choline chloride. 

Diet II: Same as for Diet I except for the following: 150 rag choline chloride; 
210 Mg 2-Me-l, 4-naplithoquinone; 14 Mg calciferol^; 560 Mg hcta-carotene and 
2.24 mg alpha-tocopherol. 

* Extracted for three 2-hour periods wit^i boiling alcohol. 

*Heg8ted ct al. (^41). 

® Mazola brand. Corn Products Refining Co* 

* Crystalline irradiated ergosterol. 

“90% /S'Carotene and 10% a-carotone. 


Twenty-one-day old male rats of the Sprague-Dawley strain 
weighing approximately 42 gm were used in all of the nu- 
tritional studies. Two groups of 3 rats each were placed on 
experiment in these cages and 2 identical control groups were 
kept in the usual screen floored dormitory type cages. All 
feeding was ad libitum. Three rats in each type of cage 
received the Basal Bation I given in table 1. Each animal 
received 3 mg of alpha-tocopherol per week in 2 drops of a 
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1 : 6 dilution of haliver oil in corn oil. Three rats in each type 
of cage received the same basal ration plus 2% solubilized 
liver ® added at the expense of the entire ration (see table 2). 
The animals were weighed at weekly intervals and hemoglobin 
values and both differential and total white cell counts were 
made at intervals. The data obtained are shown in table 2. 


TABLE 2 

Beaults of the experiments with the circular cages. (Bach figure represents the 

average of S male rats). 


OA08 

RATION 

GAIN IN 

6 WKS. 

KKMOOIiOBIN 

TOTAL 

WHITE CELLS 

DIFFERENTIAL 

COUNT 

Circular 

Basal no. I 

gm 

106 

(gmtlOO ml) 

13.88-14.08 

7,000- 9,400 

Lymph. 75 

Neutr. 25 

Basal no. I 
+ 8.L.P.‘ 

189 

13.77-14.08 

l.H, 800-17,200 

Lymph. 78 
Neutr. 20 

Monocyte 2 

Square — 

^ * dormitory 
type^^ 

Basal no. I 

167 

12.91-14.28 

9,000-15,600 

Lymph. 76 

Neutr. . 24 

Basal no. I 
+ S.L.P. 

210 

12.91-14.08 

13,800-16,000 

Lymph. 80 

Neutr. 20 


^Wilson solubilized liver powder (P>actioii 


The tubular type cage 

Two different types of tubular cages were constructed. The 
first consisted of a cylinder i-inch mesh wire screen attached to 
screen wire supports which enabled the hanging of the cage 
from overhead rods. The cylinder itself was a tube whose 
longitudinal edges overlapped to allow for expansion as 
needed. A food cup was held at the front end of the cage by 
means of a loop of screen wire, and the animal was kept 
from backing out of thejcage by means of a U-shaped wire pin. 
A water bottle was slung from a wire loop. After aeveral 
experiments were conducted in this type of cage, several 

•WlbOB^s Liver Fraction 
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mecLanica] diflBeulties were found wliich made construction 
of another type desirable. 

The second type of tubular cage had as its basis the spiral 
of wire screening with the edges which overlapped covered 
with strips of metal to prevent injury to the rat. The spiral 
(A) was attached to a sheet metal support (B) whicli was cut 
from one piece of metal in the design shown in figure 2. The 
food cup (C) slipped into the metal holder (D) in front of the 
spiral and was held there by tension. When used Avith Avean- 
ling rats, a Gooch crucible was placed in the food cup opening 



Fig. 2 Tubular type aiiti-eoprophagy eagt*. 

to prevent the small animal from living in the food cup. Such 
a crucible was found to hold enough food for daily feedings 
up to the end of the first week of the experiment. The Avater 
bottle (E) was held in such a position as to prevent the rat’s 
fur from rubbing on its open end and causing leakage which 
Avas found in earlier experiments to affect grOAAdh. A Tl-shaped 
pin (F) served to keep the animal from backing up. Part 
of the support was bent to pi-ovide a shelf (G) under the 
front end of the spiral and serA’^cd to catch the spilled food. 
The entire cage was suspended from a metal angle ii'on AAdiich 
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TABLE 3 


Besults of experiments with the tubular cages. 


EXPT. 

NO. 


CARBOHYDRATE 


1 Lactose 


2 Sucrose 


3 Sucrose 


CAGE 


Tube 


Square 

dormitory 

type 


Tube 


Square 

dormitory 

typo 


Tube 


Square 

dormitory 

type 


I 


FAT 


lilVER ' 

FECES 

GIVEN 

GM 2 
GAIN- 
IN 6 
, WEEKS 

BF» 

CO " 

ADDED 

4 - 






80 


4 - 

1 — 

— 

55 

4 - 


+ 

— 

118 


4 - 


— 

84 

+ 


— 

— 

142 


4 - 

— 

— 

140 

4 - 


4 - 

— 

146 


+ 

+ 

- 

136 

4 - 






9.1 


-f 

— 

— 

77 

4 - 



— 

1.17 


+ 

-f 

— 

129 

4 - 


_ 

— 

161 


4 - 

— 

— 

16.1 

4 - 


4 - 

— 

220 


4 - 

4 - 

— 

176 

+ 


— 

— 

121 

4 - 


— 

4 - 

104 


H- 

_ 

— 

/ 7 


4 - 

— 

4 - 

81 

4 - 


-f 

— 

1 .1.1 

4 - 


4 - 

4 - 

153 


4 - 

4 - 

— 

124 


4 - 

-f 

+ 

1 on 

-h 






177 

+ 


— 

4 - 

141 


4 - 

— 

— 

1 oo 


-f 

— 

■f 

128 

4 - 


-f 

— 

190 

4 - 


4 - 

4 

18.3 


4 - 

4 - 

— 

1.16 


4 - 

4 - 1 

4 

1.11 


^ Wilson Fraction < ‘ L. ” 

’ Each fi^nre represents the average of 3 male rats. 
® Butter fat. 

* Corn oib 
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was large enough to accommodate 4 such cages. To obtain 
samples of excreta, a low wide dish covered with a metal 
screen was placed under the rear of the cage. 

Weanling male rats of the Sprague-Dawley strain weighing 
approximately 42 gm were used in these experiments. They 
were fed the Basal Ration II given in table 1. The carbo- 
hydrate portion was either lactose or sucrose, and either but- 
ter fat ® or corn oil was used as the fat. The basal ration was 
fed with or without the addition of 2% of solubilized liver 
powder added at the expense of the entire ration. The groups 
of animals used and the growth responses in 6 weeks are given 
in table 3. In the second sucrose experiment 3 rats in each 
group of 6 were fed feces of the animals on the same ration 
which were housed in the dormitory type cage. Initially 500 
mg of wet feces were fed to each animal per day, but the 
amount was lowered gradually until they were receiving 100 
mg per day each. The results of this forced coj)rophagy are 
also given in table 3. 


BESULTS 

Wlien rats were placed in the round cages and fed Basal 
Ration I, without liver, their growth was sharply curtailed 
as compared with control rats receiving the same ration but 
kept in dormitory type cages. As is shown in table 2, when 
the liver concentrate was incorporated into the ration, the 
confined animals grew almost as well as the supplemented rats 
in the square cages. The experiment was repeated with simi- 
lar results. The rats in the round cages showed normal hemo- 
globin values but slightly reduced white cell counts. 

Rats were kept successfully in the tubular type cages for 6 
or more weeks and as shown in table 3, their growth on Basal 
Ration II containing no liver supplement was poor on either 
lactose or sucrose. Liver powder was only partially effective 
in maintaining good growth under these conditions. The 
animals in the tube cages which received butter fat grew 

Prepared from fresh uiisalted University Creamery butter by heating at 60-70 ®C. 
and decanting from tlie water and curd. 
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better on all regimens than the rats fed the corn oil rations. 
In Experiment 3 the animals fed feces did no better than 
those fed none. There were a number of animals which 
showed a watery eye condition and an occasional one that 
would have tightly closed eye-lids because of the drying of 
the exudate. Some of the rats developed an eye condition 
which resembled the “spectacled eye” condition seen in biotin 
deficiency. All of the animals confined to the tubular cages 
developed a marked tendency to lick anything within reach of 
the tongue. Feces feeding did not stop this abnormal behavior. 

DISCUSSION 

The results obtained with the circular and tubular cages 
demonstrated that weanling rats will grow under conditions 
of severe confinement. Their growth was, however, below 
that of rats fed the same rations but kept in dormitory-type 
cages. Eats in the latter type of cage grew well with or without 
liver concentrate in the ration, but the inclusion of the liver 
gave a definite increase in growth except in the case .of the 
animals fed the lactose diet. In the case of the animals kept 
in the circular cages very poor growth was obtained without 
the liver concentrate, whereas, those receiving the liver gained 
189 gm in 6 weeks or 83 gm more than those receiving no liver. 
Since the liver-fed rats in the square cages gained 210 gm 
during the same period, it seems evident that the importance 
of feces consumption in the presence of liver is not great. 
In the absence of liver the eating of feces and other excre- 
tory products is of importance since the ration containing 
no liver allowed 61 gm more gain in 6 weeks for the animals 
kept in the square cages than the comparable ones confined 
to the circular cages. Because all of the rations contained 
biotin, nicotinic acid, and vitamin K, these substances are not 
responsible for the effect of the feces unless still higher 
amounts of them are required. Whatever the missing sub- 
stances are, it is evident that they do not play a role in 
maintaining either normal hemoglobin or white cell values. 
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at least under these experimental conditions over a 6-week 
period. 

When animals are kept in the circular cage perfect anti- 
coprophagy conditions are not attained since the rat travels 
over screening which it has previously used. Thus, adhering 
fecal residues are easily licked off and even though the amount 
is insufficient, it introduces a variable which cannot he con- 
trolled. There is also the possibility that urinary and dermal 
residues are ingested and interfere with obtaining a definite 
deficiency. In cases where the animals develop diarrhea 
the circular cage is of little value. 

The above difficulties encountered with the circular cage are 
completely overcome by means of the tubular cage. Whether 
this fact is reflected in the poorer growth of the rats confined 
to the tube cages must await further study. Since such animals 
were unable to get any body excretions except what might be 
on the forepaws, head, and neck, it ivould be expected that 
they would not grow as well in comparison to their controls 
as did the circular cage animals. Furthermore, the results show 
that the addition of liver powder to the ration aided the ani- 
mals, but the growth in no instance was as close to that of the 
controls as in the circular cage experiment. It must be 
remembered that in these 2 studies the rations employed 
were not comparable, especially with respect to the level of fat. 
At present the effect of various rations under similar experi- 
mental conditions is being studied. 

The tube cage study demonstrated that the carbohydrate 
portion of the ration was of importance because where lac- 
tose was used the growth was much poorer and the animals 
in many instances developed severe diarrhea. The growth of 
the animals in either the tubular or dormitory type cage was 
below that normally obtained on such diets. On the sucrose 
rations no diarrhea developed. The carbohydrate present in 
the studies of Schwartzer (’37) with raw whole milk was, 
of course, lactose, and this may have added to the poor per- 
formance of his rats with or without the feeding of feces. 
It should be noted that the lactose content of the ration em- 
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ployed in the work reported in this paper was higher than 
would be present in whole milk solids, yet the animals grew 
instead of died. Minerals were not added to the milk employed 
by Sehwartzer, and their absence was probably responsible 
for the anemia which developed in the animals which survived 
the longest. It is also possible that the raw milk acted in a 
manner similar to that of raw starch and that the animals fed 
feces had the benefit of not only the iron and copper in the 
feces, but also of some factor or factors needed for survival 
on such a ration. In the few cases in this laboratory where 
the effect of the feeding of milk to animals confined in the 
tubula.r cages has been tried, the majority of them developed 
diarrhea even though they were older rats which had been on 
a milk diet previously to the study. 

The data in tabe 3 show that in all 3 experiments the animals 
confined in the tubular cages grew better on the rations con- 
taining butter fat than on the corn oil diets. In the case of 
the animals kept in the ordinary dormitory cages this dif- 
ference between fats was inconsistent. It is possible that 
the anticoprophagy conditions prevent the rats housed in 
the tubular cages from obtaining certain substances present 
in feces or urine which have an influence on the nutritive value 
of the dietary fat. Boutwell et al. ( ’45) have shown that the 
B-vitamins in the diet have such an influence. 

The tendency of all rats in the tube cages to lick their cages 
and anything within reach of their tongue is suggestive of a 
deficiency. To date, the only deficiency in which this curious 
phenomenon has been reported in the rat is that of potassium 
(Orent-Keiles and McCollum, ’41). It seems unlikely that tin's 
element per se is responsible for the condition in the experi- 
ments reported here, for it is supplied in liberal amounts in 
the salt mixture. The condition of the eyes of many of the 
animals must at present be regarded only as a symptom of 
unknown origin and must await further study. Biotin was 
provided, but it is possible that a higher level was required. 

The early observations of Osborne and Mendel (’ll), Steen- 
bock et al. (’23), and other workers of the period (Kennedy 
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and Palmer, ’28; McCollum et al., ’25) cannot be readily com- 
pared with the studies reported in this paper for although 
these investigators reported the beneficial effects of copro- 
phagy, they were working at a time when little was known 
of the individual vitamin requirements. Since they probably 
were dealing with inadequate rations, a large part of the in- 
fluence of the feces could have been due to such vitamins as 
thiamine and riboflavin. It seems desirable to study with a 
complete synthetic ration the effect of keeping rats on sheet 
metal floored cages in contrast to the raised screening type 
to determine whether or not the added excreta which animals 
kept in the former type of cage can obtain, is of any im- 
portance. 

The report of Sehwartzer (’37) was based on an incom- 
plete ration, and he was unsuccessful in obtaining healthy rats. 
Although his method of coprophagy prevention is simple, it 
seems less convenient than the tubular cage and especially so 
where excreta collections are desired. 

Further studies are needed to determine what factors are 
required by the rat confined in either the circular or tubular 
cages. It is also important to ascertain, if possible, whether 
the probable decrease in exercise is of any real importance. 
Once these questions have been an.swered, the tubular cage 
would make an excellent metabolism cage, for contamination 
of the excreta by food or reingestion of materials through 
coprophagy is prevented. 


SUMMARY 

Two types of coprophagy preventing cages have been con- 
structed and found to allow fair growth of rats over a 6-week 
period. 

In the circular cage described, animals fed no liver concen- 
trate grew poorly ; whereas, those receiving such a supplement 
grew almost as well as control rats kept in ordinary dormitory 
cages. The imperfections in such a cage are discussed. 

Rats confined in the tubular cages grew poorly without a 
liver supplement, but even when the latter was furnished, 
growth ^d not approach as closely to that of control animals 
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as was found in circular cage experiments. The animals 
showed a marked tendency to lick everything within reach; 
some of them had watery eyes and occasionally an eye condi- 
tion resembling the spectacled eye of biotin deficiency. In all 
cases, the animals confined to the tubular cages grew better 
on rations containing butter fat than on comparable rations 
containing corn oil. 
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This study was undertaken to determine the storage of 
copper and manganese in the liver of 3 species, the rat, rabbit, 
and guinea pig, at various age levels, namely, newborn, 2 
weeks, 3 weeks, 2 months, and adult. Analyses were made on 
the newborn in order to reveal the extent of placental trans- 
mission of copper and manganese, at 2 weeks as an indication 
of the influence of mother’s milk since 2 of the 3 species 
investigated receive milk as their sole source of nutrients 
during this period, at 3 weeks, which represents the average 
weaning age, at 2 months, which approximates the period of 
sexual maturity, and at adult or full maturity. 

• Although studies of the storage of copper in the liver at 
various ages in any species are limited in number and involve 
few experimental subjects, there seems to be agreement that 
in most species there is a considerable supply deposited during 
intrauterine life. 

Lindow, Peterson, and Steenbock (’29), in studying the 
metabolism of rats, observed that, as the animal increased in 
age, there was a continual storage of copper of about 0.001 mg 
per day for the first 12 days following birth and about 0.002 mg 
per day thereafter. They were unable to increase the copper 
eouteut of the newhom rat by feeding the mother a copper- 
rich diet, indicating that there was neither increased placental 
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transmission nor increased transmission of copper through 
the milk. 

Further review of the literature on the copper content of 
livers of small laboratory animals is given in the discussion. 

Manganese is apparently transferred through the placenta 
if present in the mother’s blood (Orent and McCollum, ’31). 
A manganese-rich diet fed during gestation produced a notice- 
able increase in the manganese content of newborn rats, and 
postpartum supplementation considerably increased the body 
content of the element at 21, 70, and 180 days (Skinner, Peter- 
son and Steenbock, ’31). Manganese is stored slowly in young 
receiving only mother’s milk. 

EXPERIMENTAL 

Animals 

Regular stock colony animals (Dutch rabbits; Sprague- 
Dawley rats; U. S. Dept. Agric. family 13 inbred guinea pigs) 
were used in these experiments. The rats were fed dog pellets 
ad libitum. The rabbits and guinea pigs were fed a good 
quality mixed hay and a grain mixture consisting of 50 parts 
by weight of oats and wheat, ad libitum ; they also had access 
to a salt block containing additional iron and iodine. On 
analysis, the mixed grain, dog pellets, and hay were found to 
contain 3.1, 12.9, and 5.1 Mg copper per gm dry weight and 
41.8, 35.0, and 70.7 gg manganese per gm dry weight, re- 
spectively. 

Ten animals of each species, with the exception of the new- 
born rats, were etherized at each of the 5 age levels, and the 
livers removed and weighed immediately. Where possible, 
individual livers were used for analysis but in the case of the 
younger animals it was necessary to pool 2 or more in order 
to obtain a satisfactory size sample. In the case of the newborn 
rat, the liver was so small that approximately 30 livers were 
pooled for each sample ; thus there are only 3 samples in this 
age group, representing approximately 100 animals. 
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The liver was chosen for analysis because of the general 
agreement (Bunge, 1892 ; Lindow, Peterson and Steenbock, ’29 ; 
Cunningham, ’31; and Chou and Adolph, ’35) that it is a prin- 
cipal site of storage of both manganese and copper in the 
animal body. 

Methods of analysis 

Four-gram samples of fresh liver were placed in covered 
silica dishes, moistened with 2 ml of a 20% solution of 
Mg(N 03 ) 2 , and ashed in a muffle furnace at 450°C. for a period 
of 16-18 hours. No dish was used for more than 5 ashings be- 
cause of the possibility of adsorption of copper (unpublished 
data) by etched silica. The samples were treated with 2 ml 
of a nitric-perchloric acid mixture (20:1 by volume), evap- 
orated to dryness on a hot plate, and re-ignited until a white 
ash was obtained, which in some eases required a second treat- 
ment with nitric-perchloric acid. Each ash sample was ex- 
tracted with three 5 ml portions of N nitric acid and made up to 
25 ml volume. Manganese and copper were determined colori- 
metrically on aliquots of this extract. All analyses were run 
in duplicate, and unless they agreed within 2 transmission 
units, were repeated. Copper was determined by the sodium 
diethyldithiocarbamate method (Callan and Henderson, ’29; 
McFarland, ’32; Eden and Green, ’40; and Sandell, ’44) and 
manganese by the periodate method (Skinner and Peterson, 
’30), with slight modifications. The transmission values were 
read in a photoelectric colorimeter (5 cm absorption cells) 
using Corning filters 3389 and 5113 for copper, and 4303 and 
3486 for manganese determinations. Excellent agreement was 
obtained in both methods using 2- and 4-gm samples run 
simultaneously in quadruplicate. Standard solutions of both 
elements were added separately to 3-gm samples in quadrupli- 
cate before ashing, and recovery values ranged from 99 to 
102%. 

The data obtained were reduced by analysis of variance and 
the t test used to determine whether particular differences 
were significant. Odds greater than 19 : 1 are accepted as being 
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significant, and odds greater than 99 : 1 are considered highly 
significant. 

EESULTS 

The copper and manganese contents of the livers are pre- 
sented in 2 different ways — total amount in the liver and 
concentration. A very different picture of the storage of these 
elements is obtained depending upon the method of com- 
parison that is used. 


Copper 

The. mean totals and the mean concentrations of copper in 
the liver of the 3 species at the various age levels are pre- 
sented in table 1. An analysis of variance of all the data is 
summarized in table 3. It will be noted that there are dif- 
ferences in both total amount and concentration of copper in 
the livers among species and among the age groups. These 
differences are highly significant. Specific differences which 
appear most important will be pointed out in the following 
discussion. 

It wUl be noted in table 1 that the total copper of the livers 
varied greatly among the newborn guinea pigs, rabbits, and 
rats. These differences were a function of both size of the 
livers and the concentration of the elements. In the guinea 
pigs and the rabbits the total liver copper decreased sig- 
nificantly during the suckling period. Following weaning (3 
weeks) the total copper increased progressively to reach the 
highest level in the adult animals. On the other hand, the total 
copper in the rat livers increased progressively from birth 
to the adult stages and showed no decrease during the suckling 
period. In all 3 species there was a very rapid increase in total 
copper between the ages of 3 weeks and 2 months. This prob- 
ably is a reflection of the increased copper' intake due to the 
replacement of the copper-poor milk diet with natural feeds 
containing more copper. 

The concentration of copper in the liver presents a picture 
considerably different from that given by the total copper in 
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the liver. The concentration of copper in the livers of the 
newborn rabbits was significantly less (99:1) than in either 
the guinea pigs or the rats. The guinea pigs and the rats did 
not ditfer significantly. In all 3 species the copper concen- 
tration decreased significantly (99: 1) following birth to reach 
a minimum at 3 weeks of age in the rabbits and at 2 months in 
the rats and guinea pigs. The copper concentration found in 
the adult animals was considerably less than that observed 
in the newborn young although, as previously mentioned, the 
total liver copper was much greater in the adult than in the 
newborn in all 3 species. The copper concentrations in the 
adult guinea pigs and rabbits did not differ significantly, but 
the concentration in the adult rat was significantly higher 
than either. This difference may be due to the fact that the 
rat diet contained a higher concentration of the element than 
did the guinea pig or rabbit diet. 

Manganese 

The mean totals and mean concentrations of manganese in 
the livers of the 3 species at various age levels are presented 
in table 2. As in the case of copper, an analysis of variance 
of the data showed differences which were highly significant 
among both species and age groups in total amounts and con- 
centrations of the element in the livers. 

As a general observation it will be noted that total amounts 
and concentrations of manganese in the livers are appreciably 
less than the respective copper values. All 3 species were 
born with a relatively low content and concentration of man- 
ganese. In all 3 species the total amounts of manganese 
increased in the livers progressively from birth onwards to 
reach a maxinqum at the adult stages in guinea pigs and 
rabbits, and at 2 months in the rats. The total amount of 
manganese as well as the total amount of copper increased 
rapidly between the ages of 3 weeks and 2 months in all 
3 species. 

The manganese concentration in the livers of the 3 speciefe 
differed significantly at birth, the rabbits having the highest 
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concentrations. The range of variability of manganese con- 
centrations within and between the species were of a relatively 
low magnitude ^s compared to copper as well as to many other 
minerals reported in the literature. The concentration in the 
livers of guinea pigs increased progressively following birth 
to reach a maximum at 3 weeks of age. In the rats the con- 
centration decreased during the period of suckling, but not 
significantly. It reached the maximum value at 3 weeks of 
age. The mean concentrations of manganese in the rabbit 
livers in the various age groups were very variable for un- 
explained reasons. The mean manganese concentration in the 
adult rabbit livers was significantly less than in either the 
guinea pigs or the rats. 

Table 4 summarizes the live weights, fresh liver weights, 
and the percentage of dry matter in the livers of the animals 
used in this study. 


DISCUSSION 

The data presented indicate that all 3 species, guinea pigs, 
rabbits, and rats, are born with a reserve store of copper in 
the liver which is drawn upon during the suckling period. 
Although the concentration of copper in the livers of the rats 
decreased during suckling the total amount increased indi- 
cating that the rat receives a substantial amount of copper 
from the milk of the dam. This observation that the milk of 
rats is relatively rich in copper is supported by the findings 
of Cox and Mueller (’37) who found rat milk to contain about 
10 times as much copper as cow’s or human milk. 

In contrast to the observations on copper, the data show that 
the 3 species studied are bom with relatively small amounts 
of manganese in the livers. In all cases the total amount and 
concentration of manganese in the livers increased pro- 
gressively from birth onwards, particularly during the period 
in which substantial amounts of solid feed were consumed. 
From these observations it cannot be decided whether the 
small amounts of manganese in the livers at birth of the 3 
species indicate a low reserve of manganese or not. Until 
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more is known of the manganese requirements of young ani- 
mals the questio^^ must remain unanswered. The concentration 
of manganese in the livers of the species studied varied rela- 
tively little during the life span. This observation apparently 
also holds true for man, for according to Sheldon (’32), 
“There is no reserve store of manganese provided during 
fetal life to tide the infant over the nursing period. The 
manganese content of the liver rises during fetal life and 
reaches its maximum during the last 3 months, but the 
maximum is the normal adult level of about 0.0008% of the 
dry tissue; and once this has been obtained it apparently 
remains at this figure throughout life.” 

Many of the studies of nutrient reserves reported in the 
literature have been concerned only with the concentration 
of the nutrient in tissues. It will be noted in this study, as 
well as others previously reported, that a very different 
picture may be obtained depending on whether one uses total 
amount or concentration of the nutrient as the criterion of 
reserve stores. In some cases a decrease in reserves may be 
indicated by a study of concentration whereas the total amount 
of the nutrient may actually be increased. Whether concen- 
tration or total amount of a nutrient is used is particularly 
important in studying various age groups in which a difference 
in size of the liver is a variable influencing particularly the 
concentration. It is important that care be used in choosing 
the proper criterion for the particular study undertaken. It 
would appear that in most cases both total amount and con- 
centration of the nutrient should be determined. The now 
classic paper of Lintzel and Radeff (’31) is a good example 
of the use of concentration and total amount of a nutrient 
(iron) in evaluating the reserve stores of animals. 

A comparison of the values which we have obtained for 
the copper content of the livers of the various animals is com- 
pared with values reported by others in table 5. In general 
there is good agreement in the trends in concentration al- 
though the magnitude of concentration varies somewhat. The 
latter variation may well have been due to the feeding of diets 
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differing in copper content. For the most part the copper 
content of the diets has not been reported. A comparison of 
values of total liver copper as well as the manganese contents 
of livers of animals is not feasible due to the lack of informa- 
tion. 

TABLE 6 

Summary of studies on copper in livers recorded in the literature. 

All data are in mg /leg of dry matter. 


AUTHOR 


NEWBORN 


1 

WEEK 


2 3 4 

WEEKS WEEKS WEEKS 


8 

WEEKS 


ADULT 


Guinea pigs 
Adrianoff and Ans- 


baclier (’30) 

50 





16-20 

Cunningham (’31) 

149 

59.6 

30.8 



17 


203 






Fliun and Inouye ( ’29) 
Lorenzen and Smith 

28.4 





37 

(this report) 

67.2 


26.0 

20.9 

18.8 

23.4 

Bahhits 







Cunningham (’31) 
Lorenzen and Smith 

5.5 





9-10 

(this report) 

37.4 


21.0 

11.6 

24.0 

22.8 

Bats 







Cunningham (’31) 

87.8 

23.5 

14.5 

17.8 


10-12 

McFarlane ct al. ( ’32) 

96-121 




29-42 


McHargue ( ’25) 

30.3 





18.8 

Lindow et al. (’29) 
Ijorenzen and Smith 

70 





11.4 

(this report) 

58.5 


61.6 

19.8 

8.6 

34.2 


SUMMABY 

Guinea pigs, rabbits, and rats ai-e born with a reserve store 
of copper which is drawn upon during the suckling period. 
In rabbits and guinea pigs both total amount and concentra- 
tion of copper in the livers decreased during the suckling 
period. On the other hand, rats showed an increase in total 
copper in the livers from birth onwards even though the 
concentration decreased during suckling. 
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In all 3 species studied, the amount of manganese in the 
livers at birth is relatively low. Both total amount and con- 
centration of manganese in the livers increased from birth 
throughout life, although the variation in magnitude of con- 
centration of manganese in the livers was relatively small. 

It is emphasized that in studies of nutrient storage in ani- 
mal tissues the determination of only the concentration of 
nutrients may he insufficient. 

ACKNOWLEDGMENT 

The authors are grateful to Dr. G. H. Ellis for helpful 
suggestions on the chemical methods. 

LITERATURE CITED 

Adrianopp, N., and S. Ansbachbr 1930 Leber und Kupfer. Deutsche med. 
Wchnsehr, 56: 357. 

Boter, P. D., J. H. Shaw and P. H. Philups 1942 Studies on manganese de- 
ficiency in the rat. J. Biol. Chem., 143: 417. 

Bunge, O. 1892 Weitere Untersuchungen fiber die Aufiiahme des Eisens in den 
Organismus des Safiglings, Ztsehr, f. physiol. Chem., 16: 173. 

Callan, T., and j. a. B. Henderson 1929 A new reagent for the colorimetric 
determination of minute amounts of copper. Analyst, 54: 650. 

Chou, T., and W. H. Adolph 1935 Copper metabolism in man. Biochem. J., 
£9: 476. 

Cox, W. J., AND A. J. Mueu:^b 1937 The composition of milk from stock rats 
and an apparatus for milking small laboratory animals. J. Nutrition, 
IS: 249. 

Cunningham, I. J. 1931 Some biochemical and physiological aspects of copper 
in animal nutrition. Biochem. J., 25: 1267. 

Eden, A., and H. H. Green 1940 Micro-determination of copper in biological 
materials. Biochem. J., 34: 1202. 

Flinn, F. B., and j. M. Inouye 1929 Some physiological aspects of copper 
in the organism. J, Biol. Chem., 101. 

Lindow, C. W., W. H. Peterson and H. Stbenbook 1929 The copper metabo- 
lism of the rat. J. Biol. Chem., 84: 419. 

Lintzsl, W., and T. Badeff 1931 tjlier den Eisengehalt und Eisenansatz 
neugeborener nnd saugender Tiere (naeh Yersuchen an Kaninchen, 
Meerschweinchen, BattO; Hund, Katze, Schwein, Ziege, Bind). Arch. 
F. Tieremahrnng u. Tierzncht, 6: 313. 

MoFarlane, W. D. 1932 Application of the sodium diethyldithiocarbamate 
reaction to the micro-colorimetric determination of copper in organic 
substances. Biochem. J., £6: 1022. 



t 

154 E. J. LOBENZEN AND S. E. SMITH 

MoHargue, J. S. 1925 The association of copper with substances containing the 
fat soluble A vitamin. Am. J. Physiol., 72: 683. 

Orent, E. B., and E. V. McCollum 1931 Effects of deprivation of manganese 
in the rat. J. Biol, Chem., 02: 651. 

Sandell, E. B. 1944 Colorimetric Determination of Traces of Metals. Inter- 
science Publishers, Inc., N.Y.C. 

Sheldon, J. H. 1932 Some considerations on the influence of copper and 
manganese on the therapeutic activity of iron. British M. J., ii: 869. 

Skinner, J. T., and W. H. Peterson 1930 The determination of manganese 
in animal materials. J. Biol. Chem., SS: 347. 

Skinner, J. T., W. H. Peterson and H. Stebnbock 1931 The manganese 
metabolism of the rat. J, Biol. Chem., 90: 65. 
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In 1915, Osborne and Mendel reported that diets containing 
15 to 18% of casein along with essential nonprotein compon- 
ents produced normal growth in young rats; when similar 
diets containing 9 to 12% of casein were fed, growth was 
definitely limited hut could be significantly increased by the 
addition of cystine. Jackson and Block (’32) later found 
that methionine also supplemented low levels of casein. Still 
later Womack and associates (’37, ’41) concluded that methio- 
nine could replace cystine entirely and that the latter was 
effective only in the presence of a certain minimum amount of 
methionine. These findings have extended rather than ques- 
tioned the original observations of Osborne and Mendel, which 
have been confirmed by other investigators. 

In work relating to the physiology of choline and the B 
vitamins in 1941, however, it was observed in this laboratory * 
that growth was decidedly subnormal on low-fat, low-casein 
diets, and was depressed rather than increased by the addition 
of cystine. A reinvestigation of the nutritive value of casein 
was therefore undertaken. The results show some interesting 
relationships of protein, fat, certain amino acids, and vitamins. 

* Published with the permission of the director of the Alabama Agricultural 
Experiment Station. 

* Unpublished data by the author. 
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METHODS AND EE8ULTS 
General procedure 

A line-bred strain of hooded rats from the Wisconsin 
original stock was used throughout this investigation. Eats 
were weaned at 23 days of age and caged individually in 
metal cages with raised screen bottoms. Fresh tap water and 
food were supplied daily, ad libitum. Once a week all food 
residues were weighed and discarded and clean food jars 
were placed in the cages. The floor screens and the papers in 
drip pans were changed each week. The rats were weighed 
weekly at approximately the same time of day. Each group, 
with 5‘exceptions, consisted of 2 males and 2 females, and the 
groups being compared always represented uniform litter 
composition. For economy of space the comparable control 
groups have been combined in tables 3 and 4. 

The composition of the various basal diets is given in table 
1. Adequate amounts of a-tocopherol, carotene, calciferol, 
thiamine, riboflavin, pyridoxine, inositol, and Ca pantothenate 
were mixed into the basal diets. Choline chloride was omitted 
from the diets used in the experiments listed in table 2 and for 
certain groups that received methionine as indicated in tables 
3 and 4. 

Special supplementary additions and major changes of diet 
are shown in tables 2 to 5. 

Primary deficiency of casein is labile methyl 

Much work has been done on choline-deficient diets con- 
taining various levels of casein. The results have shown that 
casein has lipotropic and kidney-protecting properties. Grif- 
fith’s ( ’41) review gives a bibliography of the important work 
to 1941 ; see also Treadwell et ah, ’42, Beveridge et al., ’44, and 
Handler, ’46. Some of the results have been complicated 
by the inclusion of other proteins in casein diets and by the 
use of yeast or yeast extracts as sources of vitamins. 

In the beginning of this study, rats that received choline-free 
diets containing crystalline vitamins and low levels of casein 
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Composition of basal diets. Major ingredients and percentages thereof,^ 


DIET 

KVMBES 

CASEIN > 

SALT « 

CARBOHYDRATE * 

FAT « 

CHOLINE • 

6 

6 

3 

90.8 


0.2 

8.3 L 

8.3 

3 

58.5 

30 

0.2 

9 

9 

4 

86.8 


0.2 

12 

12 

4 

83.8 


0.2 

12 L /2 

12 

4 

68.8 

15 

0.2 

12.5 L 

12.5 

4 

53.3 

30 

0.2 

15 

15 

4 

80.8 

* 

0.2 

16.5 L 

16.5 

4 

49.3 

30 

0.2 

18 

18 

4 

77.8 


0.2 

18 L /2 

18 

4 

62.8 

35 

0.2 

18 L 

18 

4 

47.8 

30 

0.2 

24 

24 

4 

71.8 


0.2 

24 L/2 

24 

4 

56.8 

15 

0.2 

25 

25 

4 

70.8 


0.2 

25 L 

25 

5.5 

39.3 

30 

0.2 

30 

30 

4 

65.8 


0.2 

30 L/2 

30 

4 

50.8 

15 

0.2 

41 L 

41 

5.5 

23.3 

30 

0.2 


^Additions of special supplements as noted in later tables were always at the 
expense of the carbohydrate component and were always in addition to the regular 
vitamin supplements carried by all diets in the following amounts in mg/hg of 
diet: carotene 4, a-tocopherol 50, calciferol 0.125, i-iiiositol 200, thiamine 2, 
pyridoxine 2, riboflavin 4, Ca pantothenate 10. Nicotinic acid was added only in 
certain groups as indicated in tables 2 and 5. The calciferol was donated by Mead 
Johnson Co., Evansville, Ind. 

* The casein was purified in 50-lb. lots- by cold percolation with tap water for 6 
days. The w\ater standing in the casein overnight was acidified to 0 . 20 % with 
acetic acid. On the seventh day the acid was washed out and about 4 gal. of 
alcohol percolated through the casein to facilitate drying under a fan in a warm 
room. 

® In the early experiments Salt 186 (J. Biol. Chem., 1930, vol. 89, p. 199) was 
used. In the later experiments Salt 5 was used. The composition of Salt 5 , as 
mixed, was Caa(P 04)2 2050, K 2 HPO 4 1030, MgSO* • TllaO 600, NaCl 500, Pe citrate 
130, MnS 04 • 4 H 3 O 20 , CUSO 4 • SHaO 5, ZnCO, 10 , KI 5 gm. This was dried at 
70 ®C. to a dry weight of 4000 gm. 

* Sucrose (standard granulated cane sugar) w^as the carbohydrate used except 
for a few groups w^here it was replaced with glucose (cerelose) or cornstarch as 
shown in tables 3 and 4. 

® Lard was the fat used except for 7 groups as shown in table 4. In all eases 
where the diet did not contain added fat, each rat received 0.10 ml/day of corn 
oil as a source of essential fat acids. 

•Choline was omitted and the carbohydrate increased 0 . 20 % for all groups 
listed in table 2 . 
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f 

died. The studies on the choline-free diets were extended. 
From the results shown in table 2, it is evident that the pri- 
mary deficiency of casein at low levels is labile methyl. Elidney 
lesions and death occurred even at casein levels of 18 and 24% 
in choline-free diets containing a minimum of fat and no added 
cystine. At levels of 9, 12, and 15%, kidney lesions and mor- 
tality ranged from 75 to 100%. The addition of cystine or 

TABLE 2 

Mortality rate of rate receiving variovs levels of casein in choline-free diets* 


ss 'J 

n N 

go 

P 

CO 

i! 

MORTALITY 

BATE 

AV. TIME 

TO DEATH 

00 

as 

M 

n 

FAT 

LEVEL 

1 -CYSTINE 
ADDED 

NUMBER 
or BATS 

MORTALITY 

RATE 

AV. TIME 

TO DEATH 

H O 

gS 


% 


% 

days 

% 



% 


% 

days 

% 

0 > 


8 

75 

14 

100 

18 

8 

0.3 

4 

25 

9 

25 

9 

0.3 

8 

100 

12 

100 

18 

8 

0.5 

4 

100 

9 

100 

9* » 


8 

87.5 

14 

87.5 

18 

8 

1.0 

4 

100 

9 

100 

9* * 

0.3 

8 

100 

11 

100 

18 

8 

1.5 

4 

100 

12 

100 

12 » 


20 

100 

10 

100 

18* 

8 

0.3 

4 

75 

10 

100 

12 * 

0.3 

4 

100 

9 

100 

18 L/2 * 

4 

0.3 

4 

75 

1.0 

100 

12* 

0.3 

3 

100 

9 

100 

24 

8 


4 

25 

9 

25 

12L/2* " 

0.3 

11 

100 

9 

100 

24 

8 

0.3 

4 

25 

9 

37.5 

15 » 


4 

75 

10 

75 

24 L/2 

4 

0.3 

4 

25 

9 

75 

15 * 

0.3 

4 

100 

10 

100 

30 

8 

0.3 

4 

0 


0 

18 * 


8 

25 

9 

37.5 

30 L/2 

4 

0.3 

4 

25 

10 

50 


* Mortality rate indicates rats dying of hemorrhaged kidneys within the 3 -week 
experimental period. Any survivors on the twenty-first day were killed and ex- 
amined for kidney lesions. 

* 20 mg of nicotinic acid was added per kilo of diet for these groups. 

* 0.10 ml com oil/rat/day. 

* 15% pure lard in diet. 


cystine and fat tended to increase the incidence of kidney 
lesions and the rate of mortality at the higher levels of casein 
and to decrease the survival period at the lower levels. 

Mulford and Griffith (’42) have suggested that the harmful 
effect of cystine in choline-free diets is related to increased 
rate of growth. In our experiments, however, cystine added 
to a low-fat, low-casein diet depressed rather than increased 
the growth rate (table 3). 
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Although 24% of casein in the low-fat diet did not afford 
complete protection against kidney lesions, 0.38% of free 
dl-methionine added to a 12%-casein diet did. When the 
methionine was supplied, the further addition of choline was 

TABLE 3 


Gains of rats receiving various levels of casein, cystine, methionine and other 
supplements in low-fat diets for 8 weeTcs, 


BASAL 

DIET 

DIET CHANGE OB 

NO ADDED CYSTINE 

0 30% ADDED 1-CY8TINB 

SPECIAL SUPPLEMENT 
ADDITION 

Number 
of rata 

Av gain 
per rat 

Gm food 
/gm gain 

Number 
of ratK 

Av gain 
per rat 

Gm food 
/gm gain 




gm 



gm, 


6 


4 

— 1 


4 

•—5 


6 

0.38% Methionine 

4 

— 2 





9 


8 

36 

8.20 

8 

21 

10.52 

9 

0.38% Methionine 

4 

28 

8.60 




9 

6% Yeast 

4 

89 

4.48 

4 

89 

4.18 

12 


24 

59 

5.44 

24 

32 

7.53 

12 

0.38% Methionine 

12 

36 

6.33 




12 

0.38% Methionine 








without choline 

12 

66 

4.92 




12 

6% Yeast 

8 

147 

4.22 

8 

157 

3.69 

12 

6% Yeast residue* 

4 

77 

5.23 

4 

70 

5.13 

12 

6% Liver residue “ 

4 

94 

4.70 

4 

88 

4.43 

12 

6% O Liver extract “ 

4 

108 

4.90 

4 

132 

4.13 

12 

Glucose for sucrose 

4 

98 

5.65 

4 

69 

6.40 

12 

Cornstarch for sucrose 

12 

113 

4.65 

12 

96 

4.78 

15 


4 

111 


4 

77 


18 


12 

115 

3.88 

12 

93 

4.13 

18 

0.38% Methionine 

4 

116 

3.51 

4 

104 

3.48 

18 

0.38% Methionine 








without choline 

4 

126 

3.54 

4 

122 

3.60 

18 

6% Yeast 

16 

195 

3.69 

8 

182 

3.84 


* The residue from exhaustive extraction of brewer’s yeast with 51% (by wt.) 
alcohol. 

* The residue from similar extraction of dried beef -liver. 

“The 51% -alcohol extract from dried beef -liver, concentrated under diminished 
pressure, and added to diet at level equivalent to 6% of dried liver. 


not beneficial (table 3). Likewise, 0.38% dl-methionine in a 
diet containing 12.5% casein and 30% lard afforded complete 
protection against kidney lesions in rats that made an average 
gain of 156 gm in 8 weeks (table 4). In contrast with this, rats 
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receiving 30% casein, 0.30% cystine and 15% lard showed 
50% incidence of kidney damage and 25% mortality. Free 
methionine was clearly more effective in preventing kidney 
damage than methionine combined in the casein molecule. This 
augments the finding of Eckstein and co-workers (Tucker and 
Eckstein, ’37 ; Tucker, Treadwell and Eckstein, ’40 ; and 
Treadwell, Groothuis and Eckstein, ’42) that the lipotropic 
action of free methionine was superior to that of methionine 
combined in casein. 

Best and Ridout (’40) and Channon et al. (’43) have not 
agreed that the lipotropic effect of protein can be explained oti 
the basis of methionine alone. More recent work from Best’s 
laboratory (Beveridge et al., ’44) has shown no significant 
difference in the lipotropic action of free methionine and 
methionine combined in casein provided that the essential 
amino acids were approximately equal. One would expect more 
of the methionine methyl to be available for choline synthesis 
when methionine is fed as the sole supplement than when it is 
fed along with other essential amino acids or combined with 
other essential amino acids in the protein molecule. 

Cystine fails to supplement casein in low-fat diets 

The growth of rats receiving low-fat diets containing va- 
rious levels of casein, the usual crystalline vitamins, and 
choline or methionine as a source of transferable methyl 
groups, was studied next. The data are summarized in table 3. 
It is apparent that such diets even at the 18% casein level 
fall far short of producing normal growth. At the 12 and 9% 
casein levels growth was only slightly above one-fourth and 
one-sixth, respectively, of the normal rate. 

The addition of cystine not only failed to increase the rate 
of growth but actually decreased it, particularly at the 9 and 
12% levels of casein. 

The addition of 6% brewer’s yeast produced a remarkable 
response in growth. The increase was very significant at the 
9 and 12% casein levels, and growth approached the normal 
rate at the 18% level. Liver extract also markedly increased 
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growth on the 12% casein diet. Moreover, yeast or liver ex- 
tract counteracted the depressing etfect of cystine. 

The extracted residues of yeast or liver were relatively 
ineffective in increasing growth. When sucrose was replaced 
by cornstarch there was a significant improvement in growth 
but the rate was still abnormal. 

Fat increases growth rate and alters effect of cystine 

Since the diets used by Osborne and Mendel bad contained 
substantial amounts of fat, the effect of adding 30% lard to the 
basal diet was studied. The casein was increased to provide 
the same ratio between protein and nonprotein calories as in 
the low-fat diets. The results are presented in table 4. 


TABLE 4 

Gains of rats receiving various levels of caseiny cystine, methionine and other 
supplements in 30%-fat diets for 8 weclcs. 


BASAL 

DIET 

DIET CHANGE OR 

NO ADDED CYSTINE 

0 1^0% ADDED 1-CYSTTNE 

SPECIAL SUPPLEMENT 

ABI-ITION Number 

Av. gain 
per rat 

Gm food 
/gm gam 

Number 
of rats 

Av. gain 
per rat 

Gm food 
/gm gain 




gm 



gm 


8.3 L 


3 

10 

17.30 

4 

31 

6.90 

8.3 L 

0.38% dl-Methioiiiiie 

4 

40 

5.77 




12.5 L 


8 

76 

3.79 

8 

141 

2.66 

12.5 L 

0.38% dl-Methioniiie 

8 

126 

2.67 




12.5 L 

0.38% dl -Methionine 








without choline 

4 

156 

2.80 




16.5 L 


12 

135 

2.96 

8 

171 

2.47 

16.5 L 

0.38% dl-Methionine 

4 

183 

2.28 

4 

176 

2.27 

16.5 L 

0.38% dl-Methionine 








without choline 

12 

186 

2.42 




25 L 


16 

199 

2.47 

16 

225 

2.35 

25 L 

0.45 dl-Methionine 

4 

207 

2.23 

4 

200 

2.10 

25 L 

0.45 dl-Methionine 








without choline 

4 

227 

2.10 




25 L 

6% Yeast 




7 

238 

2.63 

25 L 

Cornstarch for 








sucrose 

4 

201 

2.52 

4 

196 

2.50 

25 L 

Butter fat for lard 

4 

204 

2.96 

4 

205 

2.46 

25 L 

Margarine fat 
for lard 

4 

204 

2.86 

4 

204 

2.49 

25 L 

Coconut oil for lard 

4 

189 

3.04 




41 L 


8 

205 

2.23 

8 

214 

2.24 
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The fat addition resulted in marked improvement of growth 
at all levels of protein. Whereas all rats had lost weight on the 
low-fat, 6%-casein diet, all gained on the 30%-lard, 8.3%- 
casein diet. On the 25% -casein diet with 30% lard, the gains 
were essentially normal and about double the gain on the cor- 
responding 18% -casein, low-fat diets when crystalline vita- 
mins were used as the only supplements. 

Another striking effect of the fat addition was that cystine 
additions resulted in further improvement of growth rate at 
low levels of casein. Moreover, brewer’s yeast, which had 
effected marked improvement in growth on the low-fat diets, 
had little effect with the fat diets containing 25% casein. 

Butterfat and margarine fat were comparable to lard in 
stimulating growth. Coconut oil was only slightly less ef- 
fective; this may have been caused by a lack of essential 
unsaturated fat acids in the coconut oil as no other source of 
these dietary factors was supplied with the fat diets. The 
general effect of fats in increasing the rate of growth, how- 
ever, was not associated with unsaturated fat acids. The 
com oil fed with the low-fat diets furnished an adequate 
supply of linoleic acid. 

Nicotinic acid or tryptophane corrects second 
deficiency of casein in low-fat diets 

After the marked growth-stimulating effect of fat was ob- 
served and it was found that the active principle of yeast and 
liver was water-soluble, increased levels of thiamine, ribo- 
flavin, pyridoxine, and Ca pantothenate were tested. The 
additions of para-amino-benzoic acid, 2-methyl 1, 4-naptho- 
quinone, and of biotin,® all of which had previously given 
negative results in similar diets, were rechecked. The results 
of these tests were negative. Nicotinic acid also had given 
negative results with rats in this laboratory in 1939, when 
added to a black-tongue-producing ration. No convincing 
evidence of its need by rats had appeared from other labora- 

’ Supplies of biotin were donated bj the Medical Department of Merck and Co.^ 
Bahway^ N. J. 
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tories. This vitamin fortunately was not included as a routine 
supplement to the diets in the early part of the investigation. 
Dann’s (’41) report, appearing shortly after the study was 
initiated, seemed to prove conclusively that dietary nicotinic 
acid was not needed by the rat. 

Since the diet used by Dann contained 25% casein, however, 
it was decided to try nicotinic acid as a supplement to the 
low-casein, low-fat diets. The results (table 5) were surprising 
indeed. When 20 mg of nicotinic acid per kilo of diet was added, 

TABLE 6 


Effect of nicotinic acid or tryptophane on gains of rats receiving various levels of 
casein, cystine, and fat for 8 weelcs. 


BASAL 

DIET 

FAT ' 

LEVEL 


NO NICOTINIC ACID 

NICOTINIC ACID ADDED 

ADDED 

Number Av. gain 
of rats per rat 

Gm food 
/gm gain 

Number 
of rats 

Av. gain 
per rat 

Gm food 
/gm gain 



% 


gm 



gm 


9 

0.10 ml corn 









oil/rat/day 

0.1 

4 

22 

9.70 

4* 

63 

5.19 

12 

0.10 ml corn 









oil/rat/day 


4 

44 

5.89 

3> 

68 

4.69 

12 

0.10 ml corn 









oil/rat/day 

0.3 

8 

27 

8.07 

8> 

104 

4.22 

12 

0.10 ml corn 









oil/rat/day 

0.3 

4 

38 

7.37 

4 

175 

4.08 

12 

0.10 ml corn 









oil/rat/day 

0.3 

4* 

171 

3.70 

4» 

172 

3.83 

12 

0.10 ml corn 









oil/rat/day 

0.3 

4 

24 

8.41 

4 

137 

3.49 

12L/2 

15% lard 

0.3 

4 

62 

4.03 

4 

162 

2.84 

16.5 L 

30% lard 

0.3 

4 

166 

2.38 

4» 

179 

2.39 

18 

0.10 ml corn 









oil/rat/day 

0.3 

8 

90 

4.18 

12 

180 

3.66 

18 L 

30% lard 

0.3 

4 

198 

2.31 

4 

205 

2.26 

25 

0.10 ml corn 









oil/rat/day 

0,3 

4 

196 

3.73 

4 

199 

3.80 

25 L 

30% lard 

0.3 

4 

218 

2.23 

4 

227 

2.21 


^ The diet for these 4 groups of rats contained 1 mg % of nicotinic acid ; the 
diet for all other rats receiving nicotinic acid contained 2 mg %. 

• 0.3% dl-tryptophane was added to the diet for these 2 groups. 
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improvement in growth was as striking as when brewer’s 
yeast or liver extract was added. The effect was greatest at 
the 12% level of casein but was very significant even at the 
18% level. With 25% of casein in the low-fat diet, growth was 
essentially normal and was not improved materially by nico- 
tinic acid. 

Nicotinic acid, moreover, had a similar effect to yeast and 
fat in permitting cystine to manifest a supplemental action 
at low levels of casein. 

In the diet containing 30% lard and 16.5% casein, which 
on a protein : calorie basis was compai’able to the 12%-ca8ein, 
low-fat diet, nicotinic acid had a relatively slight effect on 
growth. When the casein was increased to 25% in the lard 
diet, which is comparable to the 18% of casein in the low-fat 
diet, there was no significant effect of nicotinic acid on 
growth. 

In the meantime the Wisconsin workers (Krehl et al., ’45) 
reported that tryptophane had an effect similar to that of 
nicotinic acid in supplementing diets having a relatively 
high content of corn products The addition of 0.30% dl- 
tryptophane to the 12%-ca8ein diet produced about the same 
growth as the addition of 20 mg of nicotinic acid per kilo of 
diet. There was no apparent advantage to the addition of 
both tryptophane and nicotinic acid. These results showed 
definitely that the second limiting factor in the low-fat diets 
containing 18% or less of casein was nicotinic acid or trypto- 
phane. Since the completion of these experiments, Krehl et al. 
(’46) have reported that the relationship between nicotinic 
acid and tryptophane is not peculiar to corn-supplemented 
rations but is related to the nature of the total amino acid 
content of the ration. 

Restdts emphasize protein, fat, .amino acid, 
and vitamin relationships 

The results reported in this paper illustrate how the appar- 
ent nutritive value of a protein may be influenced by other 
dietary constituents. First in importance is the effect of 



PBOTEIN, FAT, AMINO ACIDS, VITAMINS 


165 


transferable methyl groups. In the absence of choline from 
the diet, labile-methyl groups become the first limiting factor 
of casein. For strains of rats having a relatively high choline 
requirement (Engel, ’43; Copeland, ’44), this limitation is 
disastrous in diets containing 15% or less of casein. It is 
significant even at levels of 24 to 30% casein, particularly if 
the diets contain cystine and fat. 

The effect of nicotinic acid is also of major importance. It 
appears that there is maximum need for nicotinic acid when 
the diet is high in sugar and low in fat. In the absence of 
adequate nicotinic acid, the rat may be able to convert trypto- 
phane to nicotinic acid to supply the metabolic requirements 
for this vitamin. This view is supported by the results of 
Rosen, Huff and Perlzweig (’46) and of Singal et al. (’46), 
indicating that tryptophane may be the precursor of nicotinic 
acid synthesis in the rat. Obviously in the low-casein diets 
the tryptophane supply is not adequate for this purpose and 
for tissue formation at the normal rate. Tlie relatively high 
level of 25% casein is required to furnish sufficient trypto- 
phane to build tissues and meet the nicotinic acid requirements 
of the growing rat on a nicotinic acid-free, low-fat diet. Win- 
trobe et al. (’45) have recently reported that pigs showed 
marked symptoms of nicotinic acid deficiency on a 10% -casein 
ration but not on a 26.1%-easein ration. 

The marked growth-promoting effect of fat in the nicotinic 
acid-free, low-casein diets is explained on the basis of a 
nicotinic acid-sparing action of fat. The relatively high levels 
of fat required are in line with such an interpretation. The 
effect is nearly as striking and may be as important nutri- 
tionally as the thiamine-sparing action of fat. The higher 
energy value of fat diets and the possible economy of utiliza- 
tion of preformed fat as compared with the synthesis of fat 
from carbohydrate may be of some importance. The excellent 
growth that results when nicotinic acid is added to the low- 
fat diets, however, indicates that these are factors of minor 
importance. These results can be explained on the basis that 
nicotinic acid, like thiamine, functions primarily in carbohy- 
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drate metabolism. They also provide further information 
regarding the intrinsic importance of dietary fat. 

A partial explanation of the anomalous effect of cystine in 
the low-fat, low-casein diets now becomes obvious. Cystine 
added to such diets cannot be utilized because of the deficiency 
of nicotinic acid or tryptophane. Only when this deficiency is 
remedied, is a deficiency of cystine demonstrable. It is not 
clear why the addition of cystine to the nicotinic acid-free, 
low-casein, low-fat diets should be harmful. 

The low-casein diets used by Osborne and Mendel (’15) 
contained 28% protein-free milk, 25% fat, and 18 to 30% 
starch. These ingredients probably remedied the deficiencies 
of labile methyl and nicotinic acid in the casein. Under such 
conditions cystine (or sulfur containing amino acid) was the 
factor limiting growth at the 9 and 12% levels of casein. 

Although methionine can be used as the source of labile 
methyl and tryptophane or casein at high levels as the source 
of nicotinic acid (certainly for rats and probably for pigs), 
the economy of using choline and nicotinic acid is obvious. The 
presence of these 2 vitamins increases the efficiency of protein 
utilization and thus makes relatively low-protein diets ade- 
quate for growth. That the nicotinic acid-sparing action of 
fat may also play an important role in practical nutrition is 
clearly indicated. In decreasing the need for nicotinic acid, 
fat may indirectly conserve ingested tryptophane and thus in- 
crease the efficiency of protein utilization. The protein re- 
quired per gm of gain was significantly less in the animals 
receiving 30% fat than in those receiving the low-fat diets. 

SUMMARY 

1. The primary deficiency in diets containing 18% or less 
of casein was found to be labile-methyl groups unless supple- 
mentary choline or methionine was added. 

2. The deficiency of labile methyl was aggravated by the 
addition of cystine or cystine 'and fat. 
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3. Supplementary methionine as the free amino acid was 
more effective than methionine combined in the casein 
molecule. 

4. The second demonstrable deficiency in low-fat diets 
containing 18% or less of casein was nicotinic acid. 

5. Tryptophane or a high level of casein (25%) counter- 
acted the deficiency of nicotinic acid. 

6. A high level of fat (30%) tended to counteract the 
deficiency of nicotinic acid. This was probably a nicotinic acid- 
sparing effect as the energy metabolism shifted from carbo- 
hydrate to fat and indicates that nicotinic acid, like thiamine, 
functions primarily in carbohydrate metabolism. 

7. Only when the deficiencies of labile methyl and nicotinic 
acid were remedied, was a deficiency of cystine (or sulfur 
amino acid) demonstrable. 

8. Methionine corrected both the labile methyl and the 
sulfur amino-acid deficiencies. 

9. The possible nutritional significance of the findings is 
discussed. 
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Krehl et al. (’45, ’45, ’45) have reported: (1) that corn 
products had a growth-retarding effect for rats; (2) that 
corn grits increased the nicotinic acid requirement of dogs; 
(3) that the growth-depressing effect of corn products for 
rats was counteracted by nicotinic acid or tryptophane or by 
certain proteins. 

More recently Krehl et al. (’46, ’46) have concluded that 
the relationship between nicotinic acid and tryptophane is not 
peculiar to corn-supplemented rations since similar effects 
can be demonstrated -with non-corn rations which are low in 
both tryptophane and nicotinic acid. They report that the 
“deleterious action’’ of corn grits in a synthetic diet was 
prevented when fibrin, egg albumen, or soybean globulin was 
used in the place of casein. Moreover, the kind of carbo- 
hydrate was found to influence the extent of the “undesirable 
effect’’ of com. These investigators suggest that the addition 
of corn to the diet may result in the development of un- 
favorable intestinal flora which may destroy nicotinic acid 
or that corn may contain a substance or substances which com- 
bine with nicotinic acid or in some way make it unavailable. 

^ Published with the approval of the Director of the Alabama Agricultural 
Experiment Station. 
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Any such positive harmful effects of com would be of great 
nutritional importance in the South where corn bread and 
g^rits occupy such an important place in human diets. It was 
shown in the accompanying paper, however (Salmon, ’46) that 
the level of casein, or tryptophane, and of fat in non-corn 
diets determines the need for dietary nicotinic acid by the 
rat. It will be shown in the following pages that this is also 
true in diets containing corn meal or grits and that the postula- 
tion of some kind of deleterious action peculiarly specific to 
com is not supported by the data available. 

METHODS AND RESULTS 

The purification of the casein and the general experimental 
procedures were the same as in the previous investigation 
(Salmon, ’46). The corn meal was whole white corn meal, 
ground on a buhr mill from locally-grown corn. The grits were 
the usual degerminated commercial product. 

The composition of the various diets and the gains pro- 
duced in rats by each diet are shown in table 1. 

Corn products do not retard growth 
if casein level is constant 

If corn had some kind of specific deleterious effect when 
added to a nicotinic acid-deficient diet, it would appear that 
the inclusion of corn in such a diet should depress the growth 
rate. Furthermore, one might expect that as the proportion 
of com increased the depression of the growth-rate would 
likewise increase. The data in table 1 show, however, that 
the inclusion of 40% corn meal in a nicotinic acid-free basal 
diet, containing 9% casein, increased rather than depressed 
the growth rate of rats. When the com meal was increased 
to 86.7%, the casein remaining at 9%, ^owth was substan- 
tially greater than when the diet contained only 40% corn 
meal. A further increase of 5% corn meal, even at the expense 
of the casein (com meal 91.8%, casein 4%), resulted in a 
slight additional increase of growth. When casein was omitted 



CORN AND NICOTINIC ACID REQUIREMENT 


171 


entirely and the diet contained only corn meal, minerals, and 
vitamins (no nicotinic acid included), growth was very poor 
but was as good as on a 9% -casein diet without corn or nico- 
tinic acid. These data certainly fail to show any evidence of 
a special deleterious effect of corn meal at any level so long 
as the casein content of the diet is kept constant. 

TABLE 1 

Gains of rats receiving various levels of casein, corn products, and fat in diet * 

for 8 weelcs. 


NO NICOTINIC ACID NICOTINIC ACID ADDED 


CORN 

PRODUCT 

CASEIN 

LARD 

Number Av. gain 
of rats per rat 

Gm food 
/gm gain 

Number 
of rats 

Av. gain 
per rat 

Gm food 
/gm gain 

% 

% 

% 


gm 



gm 



9 


4 

22 

9.45 

4“ 

63 

5.09 

40 Meal 

9 


4 

55 

5.96 

4 = 

200 

3.48 

86.7 Meal 

9 


4 

154 

3.93 

4 

214 

3.36 

91.8 Meal 

4 


8 

168 

4.27 

8 

170 

4.48 

95.8 Meal 



4 

21 

13.50 

4 

22 

12.73 

40 Meal 

9 


4 

41 

6.41 

4 

201 

' 3.60 

40 Meal 

9 


4» 

188 

3.86 

43 

212 

3.36 

40 Meal 

9 

15 

4 

95 

3.93 

4 

200 

3.21 

40 Meal 

13.3 

30 

4 

200 

2.53 

4 

243 

2.48 

40 Grits 

9 


4 

21 

14.55 

4 

208 

3.87 

40 Meal 

9 


4 

34 

7.73 

4 

216 

3.88 

40 Grits 

25 


4 

219 

3.68 

4 

225 

3.52 

40 Grits 

25 

15 

4 

247 

3.14 

4 

248 

3.02 


‘The diets contained 4.0% of Salt 5 (Salmon, ’46), 0.2% of choline chloride 
and sucrose to make 100%; to the diets were added the following amounts of 
vitamin supplements in mg/kg of diet: carotene 4, a-tocopherol 50, calciferol 0.125, 
i'inositol 200, thiamine 2, pyridoxine 2, riboflavin 4, Ca pantothenate 10. All diets 
contained 0.3% of added 1-cystine except the 86.7% corn meal diet which con- 
tained only 0,1%, and the 91.8% and 95.8% corn meal diets to which no cystine was 
added. 

* These 2 groups received 1 mg % of nicotinic acid in the diet ; the diet for all 
other groups receiving nicotinic acid contained 2 mg %. 

* These 2 groups received 300 mg % of dl-tryptophane in the diet. 

The addition of nicotinic acid to the 40%-corn meal-9%- 
casein diet increased the gain 4 to 5-fold. The addition of 
nicotinic acid to the 86.7% -corn meal diet also increased 
grrowth significantly^ the increase was much less but total 
growth was slightly greater than on the 40%-corn meal diet. 
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When the corn meal was increased to 91.8% and the casein 
decreased to 4% or when the corn meal was increased to 95.8% 
and the casein omitted, there was no response to the addition 
of nicotinic acid. Obviously some factor other than nicotinic 
acid was limiting growth at the 91.8% and 95.8% levels of 
corn meal. It appears that 86.7% of corn meal furnished 
enough nicotinic acid to have an appreciable effect on growth. 

In the absence of nicotinic acid, growth was somewhat less 
when corn grits was used instead of com meal at the 40%- 
level ; the difference may be attributable to the difference in 
the nicotinic acid content of the 2 products. The response to 
nicotipic acid was about the same on the grits diet as on the 
meal diet. 

The addition of 15% lard to a nicotinic acid-free diet con- 
taining 40% corn meal and 9% casein doubled the rate of 
growth, but the addition of nicotinic acid was still necessary 
for maximum growth. When 30% lard was added and the 
casein increased to 13.3% (to maintain the same total protein : 
non-protein calorie ratio as in the 9% -casein, 40% -meal diet 
without lard), the effect on growth was comparable to the 
addition of nicotinic acid. Growth was only slightly increased 
by the addition of nicotinic acid to the 30%-lard diet. This 
again shows the nicotinic acid-sparing action of fat. 

When the casein level was raised to 25% in a 40% -grits diet, 
growth was normal and there was no response to the addition 
of nicotinic acid. Growth was slightly increased when this 
diet contained 15% lard, but the effect was much less than at 
the lower level of casein, because the higher level of casein 
supplied surplus tryptophane for conversion to nicotinic acid. 

Protein and fat in diet determine dietary 
nicotinic acid requirement of rat 

The data presented in this paper confirm the findings of 
Krehl et ah relating to the growth-stimulating effect of nico- 
tinic acid or tryptophane on rats receiving diets containing 
40% of com meal or grits. They do not agree with the 
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hypothesis that corn in some peculiarly specific manner re- 
tards growth or alters the dietary nicotinic acid and trypto- 
phane requirement of the growing rat. Data in table 4 of the 
preceding paper (Salmon, ’46) have shown that, in nicotinic 
acid-free, low-fat diets, the casein level determines the 
severity of the nicotinic acid deficiency ; the so-called retarda- 
tion of growth can be produced by substituting 6% of sucrose 
for 6% of casein in a 15%-casein diet. Actually, growth was 
slightly increased by the inclusion of 40% corn meal in the 
9%-casein, nicotinic acid-free diet and tremendously increased 
by the inclusion of 86.7% of corn meal. If corn had any 
deleterious effect, it would seem that this should have in- 
creased directly with the proportion of corn in the diet. 

The most significant effect of corn is its supplementary 
value when added to low-casein diets containing nicotinic acid. 
Growth was considerably greater on a 9%-casein diet that 
contained 40% of meal or grits than on a 12 or even an 18%- 
casein diet (Salmon, ’46) when the diets were supplemented 
with nicotinic acid. It is probable that, when the supply of 
nicotinic acid is ample, a mixture of casein and corn proteins 
is superior to casein alone. The superiority is particularly 
evident at moderately low levels of protein. 

The growth-promoting effect of 30% of lard in diets con- 
taining 40% of corn meal vitbout added nicotinic acid was 
as pronounced as was shown for casein diets in the previous 
paper. Thus, the author’s hypothesis of a nicotinic acid- 
tryptophane-sparing action of fat is further supported. 

Obviously the amount and nature of the protein and the 
amount of fat in the diet determine whether the rat has a 
requirement for dietary nicotinic acid. When the fat content 
is low and the nature or amount of the protein is such that the 
tryptophane supply is limited, the requirement for dietary 
nicotinic acid is very definite. It is apparent that when corn 
replaces 40% of the casein in a 15% casein diet the trypto- 
phane content of the diet is significantly lower. In the author’s 
opinion, the problem is a deficiency problem and there is no 
evidence that it is aggravated by any specific deleterious effect 
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of corn. The effect of fat and of tryptophane upon the nico- 
tinic acid requirement of the rat may be likened to the effect 
of fat on the thiamine requirement and of methionine on the 
choline requirement. The supposition that the rat does not 
require a dietary source of nicotinic acid is false unless one 
presupposes a liberal supply of tryptophane or fat, or both, 
in the diet. 

SUMMAEY 

1. No evidence of a specific deleterious effect of com 
products in nicotinic acid-deficient rations was obtained. 

2. Growth of rats was very poor on a 9% -casein diet either 
with or without the inclusion of 40% of corn meal or grits, 
when nicotinic acid was not added to the diet. 

3. Growth was greater with 86.7% than with 40% com 
meal in a 9% -casein diet, either with or without nicotinic acid. 

4. Normal growth was produced by the addition of 1 or 
2 mg % of nicotinic acid to a 9%-casein diet containing 40% 
corn meal or grits, or 86.7 % corn meal. 

Three hundred mg % of dl-tryptophane was only slightly 
less effective than 1 mg % of nicotinic acid in stimulating 
growth on a 40%-corn meal, 9%-ca8ein diet. 

6. A 25% -casein diet containing 40% corn grits produced 
normal growth without the addition of nicotinic acid. 

7. The inclusion of 15% lard in a 9%-casein diet containing 
40% corn meal, but no added nicotinic acid, caused a sig- 
nificant increase in growth. Nicotinic acid was required for 
normal growth on this diet. 

8. When 30% lard was included in the diet containing 40% 
corn meal and the casein increased to 13.3%, growth was 
normal mthout the addition of nicotinic acid. 

9. Fat was again found to have a marked nicotinic acid- 
tryptophane-sparing effect, indicating that nicotinic acid 
functions primarily in carbohydrate metabolism. 

10. The inclusion of 40% corn meal or grits in a diet, con- 
taining nicotinic acid and 9% casein, increased growth by 
more than 200%, thus showing a marked supplementary value 
of corn in low-casein diets. 
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11. The conditions relating to the requirement of the rat 
for dietary nicotinic acid are discussed. 
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It has be6n recognized for years that lecithin plays an im- 
portant role in fat metabolism. Lecithin is an important 
component of the lipid fraction of blood. It is believed that 
when the neutral fat is transferred from the storage depot 
it is first converted to a water-soluble form by phosphorylation 
in situ and that it is carried then in the form of lecithin to 
the liver. Considerable amounts of lecithin are found in the 
liver. For these reasons it has also been suggested that leci- 
thin may be a form into which the fat must be transformed 
before it can be oxidized. Vei*zar and Laszt (’35a, ’35b) have 
suggested that phosphorylation of fats must occur prior to 
their absorption. On removal of the adrenal cortex, it was 
suggested that fat absorption is slowed down because of the 
failure of phosphorylation. The experiments of Bavetta et al. 
( ’41) confirm the results of Verzar and Laszt in demonstrating 
that a decreased absorption obtains after adrenalectomy in 
the rat. It was also found that this effect was due to a slowdng 
in the absorption of fatty acids inasmuch as an accumulation 
of the hydrolysis products of the neutral fat occurred in the 

*Most of these data are from a thesis presented by Virginia Augur to the 
Graduate School of the University of Southern California in partial fulfillment 
of the requirements for the degree of Master of Science. 

* Aided by a grant from the American Lecithin Co, 
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intestines. However, they gave no indication as to whether 
the depressing action was due to a failure of phosphorylation. 

Frazer (’46) has given much evidence that fats may he 
absorbed to a considerable extent as neutral fat provided that 
a fine enough emulsion is produced. If this so-called partition 
theory of Frazer is correct, then one might expect that any 
agent such as lecithin which promotes the emulsification might 
be of aid in speeding up the absorption of fat and in increasing 
the digestibility of the less readily utilized fats. If, on the 
other hand, the lipolytic theory is correct, then one might also 
postulate that the presence of lecithin would increase the 
speed of absorption by providing the means for producing a 
greater emulsification which would enable a more rapid action 
of the lipolytic enzymes. 

The results of Adlersberg and Sobotka (’43a) have in- 
dicated that both fat and vitamin A are absorbed more rapidly 
in man when lecithin is added to the diet. The rise in total 
lipids of the serum on a protein-free diet without lecithin was 
only 32% after 4 hours, compared with 71% in subjects on a 
similar diet who received lecithin along with the food. When 
120,000 or 180,000 International Units (I.U.) of vitamin A 
were given as a component of percomorph oil, there was a 
rise in vitamin A content of blood plasma of only 41% when 
given without lecithin or an average of 212% increase if given 
along with lecithin. In addition, lecithin has an effect on the 
level of blood cholesterol. It was demonstrated by Adlersberg 
and Sobotka (’43b) that the prolonged administration of leci- 
thin brought about a slight decrease in serum cholesterol, 
although it returned to high levels after the administration 
of lecithin was stopped. Similar results are recorded by 
Steiner and Domanski (’44), although the latter investigators 
found that the high levels of blood cholesterol returned after 
4 or 5 weeks in spite of continued lecithin feeding. Urbach 
( ’46), however, was able to maintain persistently low levels of 
blood cholesterol when a diet low in carbohydrate and fat was 
given along with the lecithin. The results of Adlersberg were 
also confirmed by Gross and Kesten ( ’43). Slanetz and Scharf 
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(’43, ’44) have reported that some unknown factor is neces- 
sary for the utilization of vitamin A in the rat which is present 
in crude lecithin and which is not vitamin E. 

The total availability of the fat (i.e,, the coefficient of 
digestibility) as well as the rate of absorption are both im- 
portant in evaluating the nutritive value of fat. Although the 
coefficient of digestibility of poorly utilized fats and their rate 
of absorption are roughly parallel, differences in rate of 
absorption may occur in fats which are practically completely 
digestible. Whereas the coefficient of digestibility may be 
obtained by calculation from the fat ingested and that ex- 
creted in the feces, the rate of absorption can only be deter- 
mined by short term tests where the actual speed of removal 
of the lipid from the small intestine is ascertained. 

Because most of the work which has been done on the effect 
of lecithin on the absorption of fat has been indirect rather 
than direct, the present experiments were undertaken to 
determine whether an increased rate of absorption occurs witli 
fats when mixed with lecithin and also whether any improved 
digestibility of fats obtains when additional lecithin is added. 

EXPERIMENTAL 

The effect of lecithin on digestibility was demonstrated by 
feeding rats on diets containing approximately 15% fats of 
high melting point with or without added lecithin. The animals 
were allowed a 2-day period for orientation and the feces were 
then collected for the follovdng 8 days. Food consumption 
was recorded during this period and the diets were allowed 
ad libitum. At the conclusion of the digestibility experiment, 
the animals were fasted for 2 days after which the effect of 
lecithin on the rate of absorption was determined for 3- and 
6-hour periods. The same fats fed on the digestibility experi- 
ments were used in the absorption tests. The diets employed 
are recorded in table 1. 

The combined feces of the 8-day period were dried under 
a vacuum to constant weight, ground with a mortar and pestle 
and the neutral fat extracted on a Soxhlet extractor with 
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diethyl ether. The residue was again dried, mixed with a 
minimum amount of 50% sulfuric acid and the acid paste 
reextracted with ether. The neutral fat and fatty add ob- 
tained were dried under a vacuum at 60°C. to constant weight. 
It was demonstrated that no acid could be extracted by di- 
ethyl ether from sulfuric acid solution and it was also found 
that the material extracted from dried feces after acidification 
was acid in reaction and possessed the properties of a fatty 
acid. 

TABLE 1 

Composition of diets vsed in digestibility studies. 


COMPOKBNTS OT DIBT 

DIET 1 

DIBT 2 

DIBT 


% 

% 

% 

Commercial casein 

18 

18 

18 

Glucose 

56 

53 

71 

Hydrogenated cottonseed oil 

15 

15 

0 

Salt mixture* 

7 

7 

7 

Yeast • 

1 

1 

1 

Liver extract * 

3 

3 

3 

Crude Soya Lecithin * 

0 

3 

0 


* Osborne-Mendel (^19). 

* Anheuser-Busch, Strain G. 

* Wilson and Co., 1 : 20 concentrate. 

* Prepared by The American Lecithin Co. 


The calculations for digestibility were made in the usual 
way, correction being made for the metabolic fat. The cor- 
rection for metabolic fat was determined in experiments where 
the animals were fed on Diet 3 (table 1) in which the fat has 
been replaced by glucose. The 10 rats used in this determina- 
tion weighed on an average, 209 gm,* consumed a total of 
94.5 gm of food, and excreted stools which had an average 
dried weight of 5.35 gm. The feces contained a total of 181 mg 
of fat as neutral fat, 87.5 mg as soap which makes a total of 
268 mg or 50,5 mg per gm of dried stool. The latter figure 
was used in the subsequent calculations. The coefficient of 
digestibility was expressed as the per cent of the ingested 
fat which had been utilized. The amount of digested fat was 
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determined by subtracting the corrected excretion value from 
the original weight of ingested fat. 

The absorption tests were carried out by the usual procedure 
as described in the paper of Deuel, Hallman and Leonard 
(’40). The fat was fed at a level of 300 mg per 100 cm* of 
body surface based on fasted weight. Surface area was 
estimated by the formula of Lee (’29). In some preliminary 
experiments where the effect of lecithin on preventing 
diarrhea was determined after giving large doses of cotton- 
seed oil, the fats were fed at approximately 1.5 or 2 times 
the usual level. The experiments were carried out on a com- 
mercial sample of cottonseed oil ® and on 3 samples of cotton- 
seed oil hydrogenated to melting points of 46°, 54°, and 65°C.* 
The crude lecithin was added in the absorption and diarrhea 
tests in proportions of one-sixth or one-fifth, respectively. 
According to the manufacturer, the crude lecithin contains 
30 to 40% of soybean oil and about 60 to 70% of mixed 
phosphatides of lecithin, cephalin and lipositol. Adult female 
rats were used throughout the experiment except in one series 
of tests on susceptibility to diarrhea and were from the 
University of Southern California colony. 

RESULTS 

In a series of preliminary experiments, tests were made to 
determine whether a greater amount of fat could be digested 
without the onset of diarrhea if lecithin was added to the diet. 
A summary of these experiments is recorded in table 2. 

"When either cottonseed oil or hydrogenated cottonseed oil 
was fed at several levels, the number of rats which developed 
diarrhea was invariably higher in the group where no lecithin 
was added. In a grand total of 50 experiments where fat was 
fed without lecithin, a total number of 20 cases of diarrhea 
were noted which is an incidence of 40%. Only 4 rats of the 
40 which received lecithin with the fat developed a diarrhea, 

•Wesson OiL 

• These fats were kindljr prepared for us by Dr. K. Mattil of Swift and Co. 
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TABLE 2 

The incidence of diarrhea in rats fed several fats with or without added lecithin 
after a previous 48-hour fast period. 





PAT ALONB 


PAT PlillS liBOITHIN 


PAT PBD 

liBNQTH 

OP 

PERIOD 

Sex 

Dose 

No. of 
tests 

No. 

with 

diar- 

rhea 

Sex 

Dose 

No. of 
tests 

No. 

with 

diar- 

rhea 


hours 


mg/ 
100 cm^ 




mg/ 
100 cm^ 



Cottonseed oil 

3 

F 

328 

3 

1 






3 

F 

410 

4 

3 

F 

410 

7 

0 


2 

F 

410 

23 

5 

F 

410 

16 

1 


2 

M 

615 

10 

4 

M 

615 

10 

’ 2 

Hydrogenated 
cottohseed oil 

6 

F 

337 

10 

7 

F 

374 

7 

1 


TABLE 3 


Summary table of digestibility of 3 samples of cottonseed oil hydrogenated to 
different degrees when fed in a diet without lecithin (Diet 1) or 
with lecithin (Viet 2). 


DATA SUMMARIZED 

PAT 1 (46®0.) 

PAT 2 (54®o.) 

PAT 3 (65®0.) 

Diet 1 

Diet 2 

Diet 1 

]>ie1 2 

Diet 1 

Diet 2 

Number of rats 

10 

10 

9 

10 

10 

10 

Average weight of rats, gm 

191 

157 

173 

181 

241 

243 

Average gain, gm 

6.5 

12.3 

10.3 

8.0 

0.9 

■—1.4 

Fat in diet, % 

16.6 

20.2 

15.7 

20.7 

17.6 

18.4 

Average food eaten, gm 

88 

86 

82 

83 

90 

91 

Average fat ingested, gm 

14.9 

17.5 

12.3 

17.2 

15.7 

16.6 

Average weight of 







dried stools, gm 

7.8 

6.7 

9.1 

8.5 

17.7 

15.2 

Average fat excreted 







As neutral fat and fatty 







acid, gm 

0.73 

0.62 

0.62 

0.79 

6.31 

4.83 

As 'soaps, gm 

2.09 

1.86 

3.80 

2.63 

6.93 

5.33 

Total, corrected * 

2.39 

2.09 

3.92 

2.95 

12.25 

9.32 

Coefficient of digestibility* 

83.8 ± 

87.9 ± 

68.7 ± 

82.8 rt 

24.0 ± 

44.2 ± 


1.4 

0.7 

2.7 

1.4 

2.6 

2.0 

M.D. ; S.E.M.D.* 


2.66 


4.71 


6.05 


* Corrected for metabolic fat by multiplying weight of dried stools by 60.5 mgj^ 

* Including the standard error of the mean calculated by the formula V SdVn/ V n 
where '^d'* is the deviation from the mean and ''n'^ is the number of observations. 

•Mean Difference : Standard Error, of Mean Difference of results on Diet 1 
compared with those on Diet 2. When this value exceeds 3, the results are con- 
sidered significant. 
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which equals only 10%. In the cottonseed oil tests, the experi- 
ments with and without lecithin were carried out simul- 
taneously. In the case of the hydrogenated cottonseed oil, the 
experiments on lecithin were carried out several days later 
on the 7 rats which had developed diarrhea when cottonseed 
oil alone was fed. The data on the digestibility of various 
samples of cottonseed oil are summarized in table 3. 

The addition of lecithin considerably increased the digesti- 
bility of the cottonseed oil, particularly in the case of the 


TABLE 4 

Summary table of absorption rates of cottonseed oil, of 2 samples of hydrogenated 
cottonseed oil when fed (A) without or (B) with lecithin. 


FAT (A) 
WITHOUT 

OR (b) with 
LECITHIN 


NO. 

OP 

TESTS 


AVER- 

DURA- AGE 
TION RAT 

WEIGHT 


AVERAGE PAT IN MG 


Fed 


Absorbed M.D. : 

Recov S.B.M.D.* 

ered ^ Fer 100 cm* 

per hr * 


Cottonseed oil 


A 

11 

hrs. 

2 

gm 

135 

911 

693 

238 

47.8 ± 2.3 


B 

14 

2 

132 

908 

635 

292 

61.8 ± 3.7 

3.21 

A 

6 

3 

112 

705 

488 

237 

38.5 


B 

8 

3 

121 

835 

460 

395 

59.9 


A 

10 

Hydrogenated cottonseed oil 

3 200 864 601 

(m.p. 46' 

293 

>C.) 

26.5 ±1.8 


B 

10 

3 

204 

925 

476 

479 

48.9 ± 3.0 

3.56 

A 

11 

6 

169 

775 

403 

402 

24.7 ± 2.0 


B 

9 

3 

207 

946 

323 

643 

36.7 ± 2.2 

4.12 

A 

9 

Hydrogenated cottonseed oil 
3 197 822 674 

(m.p. 54 “C.) 

178 18.0 ± 1.8 


B 

8 

3 

189 

837 

587 

280 

30.1 ± 2.8 

3.58 

A 

9 

6 

197 

836 

709 

157 

8.5 ± 0.9 


B 

9 

6 

198 

870 

519 

381 

21.8 ± 1.5 

7.65 


^Does not include the correction for lipid content of fasting rats. The value 
used for the cottonseed oil tests was 20 mg, and for the hydrogenated cottonseed 
oil tests, 30 mg. 

•Including the standard error of the mean calculated by the formula VSd’/n/Vn 
where **d^Ms the deviation from the mean and ‘‘n’Ms the number of observations. 

*Mean Difference : Standard Error of Mean Difference of results on 
compared with When this value exceeds 3, the results are considered 

significant. 
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highest melting sample. The low digestibility of the fat melt- 
ing at 63 °C. is not to be ascribed to a failure of lipolysis btit 
to the inability to absorb the stearate so formed. We have 
no evidence from our tests on how large a proportion of the 
material which was ether-soluble before acidification was 
neutral fat and how much represented the free fatty acid. 
The total stool weight was slightly lower in all cases with 
the lecithin-fed rats. 

The results of the absorption tests with cottonseed and 
hydrogenated cottonseed oils are recorded in table 4. 

DISCUSSION 

There would seem to be little doubt that the addition of a 
crude lecithin preparation to fat lessens the susceptibility to 
diarrhea in rats. This effect might be the resultant of a 
depressing action of some components of the crude lecithin 
on gastric or intestinal motility or secondly because it causes 
a more rapid rate of absorption whereby the quantity of fat 
present in the gut is sufficiently reduced to lessen the chance 
of an ensuing diarrhea. 

The present experiments indicate that the above effect is 
probably to be traced to an acceleration in the absorption rate. 
In the case of cottonseed oil the rate of increase in absorption 
is 29% at 2 hours and 56% at 3 hours. With the hydrogenated 
fat melting at 46°C., the results are equally striking, being 
85 and 49% at 3 and 6 hours, respectively. The increased ab- 
sorption rates for the higher melting fat (54°C.) containing 
lecithin are 67 and 156%, respectively, for the corresponding 
periods. 

There are several possible explanations as to why crude 
lecithin may increase the absorption rate. In the first place, 
it might be suggested that lecithin is preferentially absorbed 
from the fat-lecithin mixture at a faster rate than the balance 
of the fat. It is diflfictilt to see how this could occur from the 
lecithin-fat mixtures which are entirely homogenous. More- 
over, if one assumes a 100% absorption of the lecithin in all 
4 series of tests with the hydrogenated cottonseed oil samples. 
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there still would be an additional absorption of the neutral 
fat in the lecithin groups over those experiments where leci- 
thin was not administered. In the cottonseed oil tests, the 
increase is approximately equivalent to the lecithin fed. 

Secondly, it may be argued that the lecithin can not be 
recovered from the gut by the flushing procedure with diethyl 
ether. In tests where the recovery of known amounts from 
the gastro-intestinal tract was tested by removing the gut 
immediately after the fat had been discharged into it, it was 
found that the average recovery after cottonseed oil was 95.4 
and after cottonseed oil-lecithin mixture, 92.9%. 

Thirdly, it is possible that lecithin promotes absorption by 
increasing the speed and degree of emulsification. Such an 
effect could be explained either by an increased rate of ab- 
sorption of unhydrolyzed triglyceride due to increased emulsi- 
fication (according to the Partition Hypothesis of Frazer), or 
that an increased speed of the action of the lipolytic enzymes 
is possible because of the greater surface for their action. 

The action of lecithin in increasing digestibility must be 
related to its speeding up of absorption. With the large 
amount of fat available at one time in the intestine, it is im- 
possible for it to be removed from the gut at the very slow 
rate that absorption normally obtains before it has passed 
beyond the absorptive portion of the gastro-intestinal tract. 
Anything which will increase the rate of absorption during 
the interval that it is in the area where it can be absorbed 
will obviously improve the digestibility. 

StJMMAEY 

The addition of lecithin to cottonseed oil or to a hydro- 
genated cottonseed oil markedly lowers the susceptibility to 
diarrhea caused by a large dose of these fats to rats. 

Fats containing one-sixth or one-fifth crude lecithin are 
absorbed ihore rapidly than a similar fat without any added 
phosphatide. * 

It was found that hydrogenated cottonseed oil melting at 
63°C. had a digestibility of 24 in the rat; that melting at 
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54°C. was digested to the extent of 69% while that with a 
melting point of 46 °C. had a digestibility coefficient of 84. 
These were increased by the addition of lecithin to 44, 83 and 
88%, respectively. 

A considerably larger portion of the lipid in all cases was 
excreted as soaps than as neutral fat plus fatty acids. 
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ENCED BY MELTING 
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MAEY E. CROCKETT AND HARRY J. DEIJEL, JR. 
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(Received for publication September 24, 1946) 

Fats and oils offer an excellent source of energy. Nearly 
all of the natural fats have been found to be from 93 to 98% 
digestible (Langworthy, ’23). The only exceptions found in 
the ease of man are those with high melting points and those 
which contain irritants such as castor and croton oil. 

It has been suggested that an inverse relationship exists 
between the coefficient of digestibility and the melting point of 
the fat (Holmes and Deuel, ’21). The critical temperature 
above which there is a marked decrease in digestibility in man 
appears to be about 50° C. Thus, it was found that mutton fat 
(Langfworthy and Holmes, ’15) and deer fat (Deuel and 
Holmes, ’22) are digested to an extent of only 88 and 81.7%, 
respectively. Hydrogenated fats (Holmes and Deuel, ’21) and 
blended hydrogenated fats (Deuel and Holmes, ’22) also have 
a lower digestibility in man when the melting point ex- 
ceeds 50° C. More recently it has been stated by Mattil 

‘The data are from a thesis presented by Mary E. Crockett to the Graduate 
School of The University of Southern California in partial fullillmen of the re- 
quirements for the degree of Master of Science. 

* Aided by a grant from Swift and Co. 
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and Higgins (’45) that the stearate content rather than 
melting point is the prime consideration in determining 
the completeness of digestibility. Inasmuch as the higher 
melting points of fat are usually associated with an increased 
proportion of tristearin, it is difficult to study these variables 
separately. 

The nutritive value of fat can also be established by deter- 
mining its rate of absorption from the gastro-intestinal tract. 
It is possible that a fat which is almost completely digested 
over a gfiven length of time, might nevertheless have a slow 
rate of absorption through the intestinal wall. There are 
vei^ little data at present on the rate of absorption of fats. 
Ste'enbock and others (’36) found a significant difference 
between the absorption rate of butter fat and coconut oil, 
whereas Deuel et al. (’40) found no consistent differences. 
This was probably due to the units employed for expressing 
rate of absorption. Deuel et al. (’40) found that uniform 
results were Obtained when comparison of absorption rate 
was made on the basis of body surface area. 

The present experiments were designed to compare the 
digestibility of several of the commercially hydrogenated 
products in the rat with other natural fats and to determine 
whether a satisfactory digestibility occurs with a blended 
hydrogenated fat, namely bland lard.® The tests were made 
on rats since the digestibility of fats in this animal is par- 
ticularly effected by a high melting point. The tests were also 
designed to determine whether the rate of absorption is al- 
tered before the digestibility. A further discussion of the 
importance of terms “digestibility” and “absorption” as 
used in this laboratory is given in the earlier paper (Augur 
et al., ’47). 

EXPERIMENTAL AND BESUPTS 

Digestibility and absorption experiments were carried out 
on a commercial margarine made from hydrogenated vegetable 

^ Bland lard is a blended hydrogenated fat composed of a mixture of lard 
hydrogenated to a high melting point and deodorized lard containing an anti- 
oxidant. 
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TABLE 1 

Summary table of digestibility of hydrogenated fats when fed to female rats in a 

diet at a level of 15%. 


DATA SUMMARIZED MAROARINS 

CRISCO 

BLAND 

lard 

PRIME 

STEAM 

LARD 

HYDROOEN- 
ATED LARD 

HYDROOEN- 
ATED LARD 

Melting point, ®C. 

34 

43 

48 

37 

55 

61 

Number of rats 

20 

20 

18 

16 

18 

20 

Average weight of 
rats, gm 

214 

207 

208 * 

229 

244 

223 

Average gain, gm 

— 1 

-fo 

+ 1 

4-2 

-'4 

—6 

Average food 
eaten, gm 

72 

82 

85 

81 

90 

88 

Average fat 
ingested, gm 

10.7 

12.3 

12.8 

12.2 

13.5 

13.2 

Average weight of 
stools, gm 

4.40 

5.50 

5.86 

5.36 

10.0 

15.0 

Average fat excreted 
As neutral fat and 
fatty acids, gm 

0.24 

0.23 

0.34 

0.21 

0.58 

2.21 

As soaps, gm 

0.30 

0.38 

0.68 

0.48 

4.90 

8,89 

Average total fat ex- 
creted (corrected). 
Km* 

0,31 

0.33 

0.72 

0.39 

4.94 

10.34 

Coefficient of 
digestibility ’ 

97.0 

97.3 

94.3 

96.6 

63.2 

21.0 


±:0.4 

±0.3 

±1.8 

±1.4 

±1.2 

±2.6 


* Corrected for metabolic fat by multiplying weight of dried stools by 50.5 mg. 

* Including the standard error of the mean calculated by the formula V SdVn/ V n 
where ‘^d'Ms the deviation from the mean and “n'Ms the number of observations. 


oils, Crisco, bland lard,^ prime steam lard,"* and lards hydro- 
genated to 55° and 61° C/ The diets and the methods of 
analyses were entirely similar to those employed in the 
previous study (Augur, Bollman and Deuel, ’47). The tests 
were made on adult female ’ rats from the University of 
Southern California colony. 

^ These fats were kindly furnished us by Swift and Co. The samples of hy- 
drogenated lard were prepared for us by Dr. K. Mattil of that organization. The 
authors wish to thank Mr. J, H. Luckmann of The Best Foods, Inc., for checking 
the melting points. 
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and is the number of observations. 
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Digestibility studies 

Sixteen to 20 digestibility experiments were made on each 
fat. The average results are summarized in table 1. 

There are no significant differences in the coefiicient of 
digestibility between the fats with melting points less than 
55°C. The range is from 94.3% for bland lard to 97.3% 
for Crisco. The hydrogenated lards with a melting point of 
55°C. and above show a marked decrease in digestibility. 
The weight of the stools increased with the increase in melting 
point. The lack of digestibility of the hydrogenated lards is 
not due to a failure of lipolysis but to the inability to absorb 
the palmitate and stearate formed from this action. 

Absorption tests 

The average results of the absorption studies are given in 
table 2. The rats were fed the same fats as used in the digesti- 
bility studies. No tests were possible on the hydrogenated 
lard melting at 61° 0. since the temperature of the liquid phase 
was high enough to cause injury. No accurate method of feed- 
ing it as an emulsion was found whereby a quantity compar- 
able to that of the other fats could be fed. 

DISCUSSION 

ISlargarine, Crisco, prime steam lard and bland lard have 
all been shown to be practically completely digestible in the 
rat and to compare favorably with natural fats and oils in 
which the melting point is below 50° C. The value for mar- 
garine is identical with that recently reported in human sub- 
jects (Deuel, ’46) and that for prime steam lard is almo.st 
identical with that found by Langworthy and Holmes (’15) 
in man. As would be expected, the hydrogenated lard samples 
melting at 55°C. and 61°C. were much less digestible than 
other fats. In experiments on man, practically no decrease 
in digestibility obtained with hydrogenated vegetable fats 
melting at 50° C. (Holmes and Deuel, ’21) but with rats only 
a 63% utilization occurred. In fact, with hydrogenated fats 
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melting as high as 52.4°C. (Denel and Holmes, ’22), the lowest 
digestibility found with man was 79. 

The discrepancy between the results on man and the rat 
may be a species difference. Herbivora digest high melting 
fats much less satisfactorily than omnivora or carnivora 
(McCay and Paul, ’38) but are able to utilize castor oil as 
well as other fats (Paul and McCay, ’42). On the other hand, 
the variation may be due to the technic employed. In the tests 
on human subjects, the feces were extracted with diethyl ether 
without acidification whereby only the neutral fat and free 
fatty acids would be recovered. Any fatty acid in the form 
of soap would be lost. In the present tests after extraction 
of the neutral fat and fatty acids, the residue was acidified 
and reextracted with diethyl ether whereby the fatty acids 
formed from the soaps would then be extracted. While the 
quantity present as soap is very small in the stools after such 
completely digestible fats as margarine, Crisco, and the two 
lard samples were fed, it amounted to 4 to 6 times the quantity 
of undigested neutral fat plus free fatty acid when the hydro- 
genated lards were fed. With the exception of Hoagland and 
Snider (’43), the previous investigators have not generally 
taken the soaps into account. It is possible that if the tests 
on humans are made using a similar technic, a considerable 
amount of soap might be found with the high melting fats 
and a greatly decreased digestibility would be demonstrated. 

The failure in absorption of the high melting fats can- 
not be due to the inadequacy of lipolysis. The fatty acids set 
free far exceed that required to produce a satisfactory emul- 
sion (when combined with monoglyeeride and bile salts) 
according to the Particulate Hypothesis of Frazer (’46). 
It is possible that emulsification is incomplete with the high 
melting fats or that the fat particles may be too large to be 
absorbed through the intestinal mucosa.. The improved util- 
ization of hydrogenated cottonseed fat When lecithin is mixed 
with it is demonstrated by Augur et al. (’47) may be the 
result of improved emulsification with increased absorption of 
neutral fiit. 
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The high digestibility of the bland lard which contains a 
portion of the completely hydrogenated lard indicates that 
the digestibility of high melting fat is considerably increased 
when fed as a component of a blended fat having a melting 
point in the physiological range. It is similar to the results 
obtained on human subjects with blended fats (Deuel and 
Holmes, ’22) although no account was taken in these earlier 
tests of the possible excretion of fat as soaps. 

There is a decrease in rate of absorption of the hydro- 
genated lard melting at 55 °C. compared with the lower melting 
fats which is proportional to the decrease in digestibility. Thus 
the decrease in absorption rate for the hydrogenated lard 
(m.p. 55°C.) compared with prime steam lard was 41% while 
the digestibility was lowered by 35%. 

There was no diarrhea resulting from the feeding of rats 
diets containing 15% of the different fats over a 10-day 
period. Also no diarrhea occurred in the absorption tests. 
In the digestibility tests, the rats appeared to be normal at 
the end of the experiment and no upset in nutritional condi- 
tion was noted. 


SUMMASY 

1. The digestibility of various fats has been studied. The 
digestibility coeflBcients obtained were margarine (m.p. 34°C.), 
97.0; Crisco (m.p. 43°0.) 97J8; prime steam lard (m.p. 37°C.), 
96.6; bland lard (m.p. 48°C.), 94.3; hydrogenated lard (m.p. 
55°C.), 63.2; and hydrogenated lard (m.p. 61°C.), 21.0. 

2. There was no evidence that any fat produced any ab- 
normal physiological effect, such as diarrhea. 

3. The rates of absorption for 3 hours, expressed in mg 
per 100 cm® per hour, were : margarine, 37.7 ; Crisco, 37.1 ; 
prime steam lard, 35.0; bland lard, 34.5; hydrogenated lard 
(m.p. 55°C.), 21.6. The values obtained for 6 hours were : mar- 
garine, 34.7 ; Crisco, 34.3 ; prime steam lard, 38.3 ; bland lard, 
31.4; hydrogenated lard (m.p. 55°C.), 21.6. 

4. A large proportion of the undigested fat in the tests 
with the hydrogenated lards was excreted in the form of soaps. 



194 


MAET E. OBOCKETT AND HARBY J. DETJEL, JR, 


LITERATURE CITED 

Augur, V., H. S. Rollman and H. J. Deuel, Jb. 1947 The effect of crude 
lecithin on the coefficient of digestibility and the rate of absorption 
of fat. J. Nutrition, SS: 177. 

Deuel, H. J., Jb. 1946 Studies on the comparative nutritive value of fats. 

IX. The digestibility of margarine fat in human subjects. J. Nu- 
trition, 3S: 69. 

Deuel, H, J., Je., and A. D. Holmes 1922 The digestibility of cod liver, Java 
almond, tea seed, and vratermelon seed oils, deer fat and some blended 
hydrogenated fats. U.S. Dept. Agric. Bull. 1033. 

Deuel, H. J. Jr., L. Hallman and A. Leonard 1940 The comparative rate 
of absorption of some natural fats. J. Nutrition, 30: 215. 

Frazer, A. C. 1946 The absorption of triglyceride fat from the intestine. 
Physiol. Rev., 36: 103. 

Hoagland, R., and G, G. Snider 1943 Digestibility of some animal and vege- 
table fats. J. Nutrition, 3S: 295. 

Holies, A. D., and H. J. Deuel, Jr. 1921 Digestibility of some hydrogenated 
oils. Am. J. Physiol., 64: 479. 

Langwortht, C. F. 1923 The digestibility of fats. Ind. and Eng. Chem,, 16: 
276. 

Langworthy, C. F., and A. D. Holmes 1915 Digestibility of some animal 
fats. U.S. Dept. Agric. Bull. 310. 

McCay, C. M., and H. Paul 1938 The effect of melting point of fat upon its 
utilization by guinea pigs. J. Nutrition, 16: 377. 

Mattil, K. S., and j. W, Higgins 1945 The relationship of glyceride structure 
to fat digestibility. T. Synthetic glycerides of stearic and oleic acids. 
J. Nutrition, 39: 255. 

Paul, H., and C. M. McCay 1942 Utilization of fats by Herbivora. Arch. 
Biochem., 1: 247. 

Steenbock, H., M. H. Irwin and J. Weber 1936 The comparative rate of 
absorption of different fats. J. Nutrition, 13: 103. 



THE USE OF ALBINO MICE TO DETERMINE THE 
UTILIZATION OF THE CALCIUM OF DEHY- 
DRATED CARROTS AND CABBAGE 


ADELAIDA M. BENDAiJA-BROWN AND BARKER H. BROWN 
Department of Biological Chemistry, School of Medicine, 
University of Michigan, Ann Arbor 

(Received for publication July 19, 1946) 


The literature on the availability of calcium in vegetables 
has been reviewed briefly by Fincke and Sherman ( ’35) and 
Fincke (’41). Most of this work has been carried out either 
by balance studies on human beings or by deposition experi- 
ments using weanling albino rats with the comparison of the 
utilization of a given foodstuff to that of milk. 

The availability of dietary calcium, in foods other than 
dairy products, assumes a far greater importance in those 
regions with a negligible dairy industry such as the Far East 
where the authors have been for several years. One of us, 
Bcndafia-Brown, was studying the availability of calcium in 
various Philippine foodstuffs in Manila from 1938 until the 
capture of the city in January, 1942. Preliminary results by 
Bendana-Brown and Geronimo ^ ( ’41) showed that the cal- 
cium of pechay, a Philippine vegetable similar to Chinese or 
celery cabbage with a high calcium content (about 1% when 
dried), had an availability of 75 to 90% of that of dried skim 
milk, and that soy bean curd cheese (tokua) had an availa- 
bility of about 80 to 90% of that of dried skim milk when 
tested by the rat deposition method of Fincke and Sherman 
(’35) at a dietary calcium level of 0.26%. Kung, Yeh and 
Adolph (’38), feeding rats at a dietary level of 0.10% cal- 

‘Killed in the reoccupation of Manila in February, 1945. 
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cium, found 95 to 99% utilization of the calcium of celery 
cabbage while Kao, Conner and Sherman ( *38) found a value 
of about 80% when half of the calcium of the milk diet was 
replaced by the calcium of Chinese cabbage at a dietary 
calcium level of 0.26 to 0.28%. Adolph and Chen (’32) work- 
ing with 3 Chinese adults in balance experiments, found that 
soy bean curd was approximately equal to milk as a source 
of calcium. Potgieter (’40a, ’40b), in Hawaii, found that a 
diet in which 97 % of the calcium was furnished by taro was 
well utilized by both women and growing rats. Potgieter 
(’40a), using rats in paired feeding experiments with 
Ca(H 2 P 04 ) 2 -H 20 as a control and feeding at levels of dietary 
calcium below 0.10% with taro furnishing 97 % of the dietary 
calcium, found that 82% of the taro calcium and 88% of the 
inorganic salt calcium was utilized. The same author (’40b), 
testing 1 Caucasian woman and 1 Japanese woman, found 
that the latter would maintain calcium balance on a lower 
calcium level than the former. However, Steggerda and 
Mitchell (’46) have shown a considerable normal variation 
(23%) in the calcium metabolism and requirements of normal 
Caucasian adults. Lunde and Lie (’40) and Basu, De and 
Basak (’42) have found that the calcium of the bones of 
small fish possesses about the same availability as that of 
milk. MacDonald and Bose (’42), have found that egg shells 
are beneficial to rats fed on a diet similar to that eaten by the 
poor Indian population. In the Santo Tomas Internment 
Camp in Manila, during the Japanese occupation, a number 
of us supplemented our meager rice and corn diet with pul- 
verized egg shells partially dissolved in vinegar. Basu, Basak 
and De ( ’42) found that when 6 betel nut leaves were chewed 
with lime (a portion of a betel nut plus the rolled leaVes and 
a portion of slaked lime and often some tobacco are all 
chewed together producing a blood red sputum which stains 
the lips and teeth), calcium equivalent to 10 oz. of milk 
was available and that the calcium so obtained was well re- 
tained and utilized. In the Philippines this habit is widely 
practiced -and considered to be of particttlar value during 
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pregnancy. Kelly ( ’43) has found for rats utilization values 
of 80% to 86% for milk, 37% for beet greens, 70% for Swede 
turnips, 80% for Savoy cabbage, and 76% for parsnips. 
Eighty-six per cent of the calcium intake in these experiments 
was derived from the test food which was fed fresh, raw, and 
uncooked at a suboptimal level. Breiter, Mills, Rutherford, 
Armstrong and Outhouse (’42), in balance experiments with 
4 men and 3 women, found utilization values of from 0.0 to 
35.5% (average 13.4%) for the calcium from carrots. These 
same subjects had previously been used by Breiter, Mills, 
Dwight, McKay, Armstrong and Outhouse (’41) for similar 
experiments with milk where the values obtained were appre- 
ciably higher in 5 of the 7 cases. 

The authors felt that a more rapid method of biological 
determination of the relative utilization of calcium of various 
sources would be of value. In an effort to bring this about, the 
following work with albino mice was undertaken. We wish 
to express our sincere appreciation to Prof. H. B. Lewis and 
his staff for facilities and advice during our work which was 
terminated by the necessity of an early return to Manila. 

EXPERIMENTAL 

The method used is based on that introduced by Fincke and 
Sherman (’35) for rats. Albino mice were weaned at 18 to 
21 days of age and placed on the various experimental diets, 
the composition of which is given in table 1. The diets for a 
given experiment were all prepared at the beginning of the 
experimental period and a sample of each was ashed and 
analyzed for calcium. 

Litter mates of the same sex were used in the comparison 
of the various diets. The animals of each litter group were 
placed on the diets as indicated in the tables and one or more 
of ea;Ch litter were killed at the beginning of the experiment 
for calcium analysis as a base line control of the calcium 
content of that litter at the beginning of the feeding period. 
The median weight mouse in each litter was used for the base 
line control and the one nearest to it in weight served as the 
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experimental control on the basic 20% dried skim milk diet 
(diet M-2a). The mice were kept in individual metabolism 
cages with raised screen bottoms. Records were kept of the 
food consumed. The experiments were continued until the 
animals doubled or tripled their initial weights which was in 
general at about 40 days of age or after a feeding period 
of 18 to 21 days. They were then killed with chloroform 

TABLE 1 


Percentage composition and calcium content of the experimental diets,' 


DIET 

NO. 

GROUND 

POLISHED 

RICK 

DRIED 
SKIM MILK 

CORN 

STARCH 

DEHYDRATED DEHYDRATED 
CARROTS CABBAGE 

CALCIUM 

CONTENT 






% 

M-2 

65 

20 

1 


0.279 

M-3* 

65 

15 

5.5 


0.281 

M-4* 

65 

10 

10 


0.280 

M-5 

60 

25 

1 


0.343 

M-6* 

65 

20 

0.5 


0.345 

M-2a 

65 

20 



0.280 

Cab-1 

47 

30 


28 

0.276 

Cab-2 

52 

13 


20 

0.281 

Cab-3 

57 

16 


12 

0.282 

C-3 

34 

13 


38 

0.278 

M-3b 

70 

15 



0.222 

M-4b 

75 

10 



0.172 

M-5a 

60 

25 



0.343 


' In addition to the constituents listed, all diets contained 1.5% sodium chloride 
(C.P.), 0,5% of dried beef liver (prepared in this laboratory), 2% of dried yeast 
powder (Mead Johnson), 2% of cod liver oil and 9% of corn oil (8% in diets M-2 
to M*6, inclusive). 

* 0.5% of calcium lactate added. 

*1.0% of calcium lactate added. 


and the bodies, minus the digestive tract, were ashed in plat- 
inum dishes and analyzed for calcium by the A.O.A.C. volu- 
metric method ( ’40) with minor modifications. 

In order to minimize the labor involved and to obtain the 
most consistent results, it was found advisable to provide a 
5-oz. wide mouth bottle for each experimental animal and to 
weigh into this at the beginning of the experiment the food 
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for the entire period, usually about 60 gm. These bottles were 
kept in the refrigerator and food was transferred to the food 
cups daily and mixed with water to a paste which almost en- 
tirely eliminated scattering. With a little practice, it was 
possible to adjust the amounts of food dispensed daily so that 
little or none remained and the over-all labor saved was con- 
siderable. Since the only weighings of food necessary were 
those at the beginning and the end of the experiment, it w'as 
possible to feed 25 to 30 experimental animals in 30 to 40 
minutes daily. 

The cabbage and carrots used were dehydrated vegetables 
obtained for us by Prof. H. B. Lewis through the courtesy of 
Major George Berryman of the Chicago Medical Nutrition 
Laboratory of the Armed Service Forces and Colonel John 
B. Youmans. Each vegetable and the mixed diets w’ere 
analyzed for calcium, all materials being finely ground and 
mixed thoroughly before sampling for analysis. 

DISCUSSION AND RESULTS 

In planning our diets (table 1), it seemed advisable to use 
diets which could be easily reproduced either in this country 
or in the Philippines for future work. This made it desirable 
to replace whole wheat with polished rice. Rice had the further 
advantage of being very low in calcium (0.009%) so that the 
amount of rice could be varied without materially affecting 
the calcium content of the diet. The previous work of Fincke 
and Sherman (’35) shows that, when rather large amounts 
of dried vegetables are used, the protein content of the ex- 
perimental diets often exceeds that of the skim milk control 
diet. The replacement of the corn starch of the Fincke and 
Sherman diet with rice of 8% protein content tends to give 
control and experimental diets of a more nearly equal protein 
content. 

As there were no available data on mice, an attempt was 
made in the first experiments to determine whether or not 
the procedure of feeding a 20% dried skim milk diet as a 
control and replacing one-half of the milk with an equivalent 
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amount of calcium from the source to be tested, as the Sher- 
man group have done with rats, was applicable to this other 
species. It was felt that a study of the utilization of calcium 
at various levels of milk intake, similar to those to he used 
in the experimental work and balancing the calcium levels 
with a readily available source such as calcium lactate, would 
be a valuable test. Five litters of albino mice were used, 1 
animal of each litter was killed as a measure of the calcium 
content of the mice in its respective litter and 1 mouse of 


TABLE 2 

The efeot of varying levels of intake of calcium and dried skim milk on the 
utilization of dietary calcium in weanling male albino mice,^ 



DIETS 


FOOD 

INTAKE 

*OAIN IN WEIGHT 

CADOllTM 

No. 

Dried 
skim milk 

Calcium 

Total 

Per gm 
of food 

Increment 

Utilization 

factor 


% 

% 

gm 

gm 

gm 

mg 

% 

M-2 

20 

0.279 

49.7 

10.2 

0.21 

83 

61 ± 3.1 * 

MS 

15 » 

0.281 

51.3 

10.6 

0.20 

83 

58 ± 2.2 

M-4 

10^ 

0.280 

59.3 “ 

10.2* 

0.17“ 

88 

54 ± 2.0 

M-5 

25 

0.343 

50.1 

9.2 

0.19 

86 

51 ± 3.1 

M-6 

20* 

0.345 

48.9 

10.6 

0.22 

86 

52 ± 2.5 


* The values for diets M-2, M-3 and M*4 represent averages of 5 animals; those 
for diets M-5 and M-6, averages of 4 animals. 

* Probable error of the mean. 

* 0.5% of calcium lactate added. 

* 1.0% of calcium lactate added. 

“Data from 1 animal (G*3) that ate much less than the others and gained only 
2.3 gm are excluded. 

each litter was placed on each diet. Dried skim milk, at levels 
of 10, 15, 20 and 25% was fed and the calcium level of the 
diets containing 10 and 15% was balanced at those of 20 and 
25% dried skim milk by adding the necessary amounts of 
calcium lactate as shown in table 2. The animals on the 10% 
skim milk plus calcii;im lactate made similar gains to those on 
the 20% dried skim milk but did not make quite as efficient 
use either of the total food or of the ingested calcium, showing 
an average gain per gm of food eaten of 0.17 gm and a utiliza- 
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tion of 54 ± 2.0% as compared with 0.21 gm and 61 ±3.1%, 
respectively, for the mice on the 20% dried skim milk diet. 
This difference in utilization was only of a very slight statis- 
tical significance. We, therefore, felt justified in the use of 20 
and 10% levels of dried skim milk, the levels commonly used 
ini rat experiments of this type. It is desired to call attention 
to the slightly poorer utilization of calcium at the higher 
level of intake, 51 ± 3.1% at 0.343% calcium intake as against 
61 ± 3.1% at the 0.279% level. While these differences are 
slight, it is believed that they are significant as is further 
shown in table 3. 

TABLE 3 

The utilization of dietary calcium by weanling male albino mice at various 

intake levels,^ 



DIETS 


FOOD 

INTAKE 

GAIN IN WEIGHT 

CALOIVIC 

No. 

Dried 
skim milk 

Calcium 

Total 

Per gm 
of food 

Increment 

Utilization 

factor 


% 

% 

gm 

gm 

gm 

mg 

% 

M-5a 

25 

0.343 

40.2 

8.4 

0.21 

61 

45 ± 1.1 • 

M-2a 

20 

0.280 

43.6 

10.4 

0.24 

80 

66 ± 1.8 

M-3b 

15 

0.222 

42.9 

9.7 

0.23 

74 

77 ± 2.0 

M-4b 

10 

0.172 

41.4 

9.3 

0.22 

61 

86 ± 3.7 


* All values are averages of results with 5 mice. 

* Probable error of the mean. 


The utilization of the calcium of dehydrated carrots and 
cabbage was tested at several levels of intake. In a prelimi- 
nary experiment (not shown in the tables) with animals 
of 30 days of age instead of the usual 20 days, utilizations 
of 38 ± 0.7 % for 6 mice from 3 litters on the 20% dried skim 
milk diet at a calcium level of 0.28% and for 7 mice on the 
carrot diet an average of 32 ± 1.2% at an average level of 
0.22% calcium intake were obtained. Because of the low calcium 
content of the dried carrots a very high percentage of carrots 
(over 50% of the diet) was necessary to replace 10 gm of 
dried skim milk calcium. This high proportion of carrots in 
the diet was not well tolerated by the mice. Therefore, in 
subsequent experiments (table 4), various levels of the vege- 
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tables were used. With the cabba^ 10, 7 and 4 gm of the dried 
skim milk and with the carrots 7 gm instead of the usual 10 gm 
were replaced by the vegetable calcium. 

The results (table 4) with the carrots bore out the general 
idea of the preliminary experiment that calcium of carrots 
is not as well utilized as milk calcium. Statistically this dif- 
ference (43 as compared with 58%) proved definitely signifi- 
cant and it is felt that for mice, carrots are a poorer source 
of calcium than is milk. McCluggage and Mendel (’18) with 

TABLE A 

The utilization of dietary calcium of weanling male albino mice^ on diets con- 
tair^ing 20% dried shim milk compared to the utilization on similar diets in which 
froin 20 to 50% of the milk calcium is replaced by the calcium of dehydrated 
cabbage or carrots. 



DIKTS 



GAIN 


CAiiC 




Dehy- 

drated 

vege- 

tables 

FOOD 

INTAKE 



WM 

No. 

Dried 
skim milk 

Total 

Per gm 
of food 

Increment 

Utilization 

factor 


% 

% 

gm 

gm 

gm 

mg 

% 

M-2a 

20 


45.9 

10.4 

0.23 

74 

58 ± 1.0 * 

Cab-1 

10 

28’ 

53.3 

10.0 

0.19 

66 

45 ±1.0 

Cab-2 

13 

20* 

56.5 

11.3 

0.20 

75 

48 ± 0.8 

Cab-3 

16 

12* 

55.1 

12.1 

0.22 

77 

50 ± 1.5 

C-3 

13 

38* 

49.1 

8.6 

0.17 

58 

54 ± 0.4 


^All values are averages of 5 mice. All diets contained 0.28% calcium. 

* Probable error of the mean. 

* Cabbage. 

* Carrots. 


dogs. Shields, Fairbanks, Berryman and Mitchell (’40) with 
growing rats, and Breiter, Mills, Rutherford, Armstrong and 
Outhouse ( ’42) with adult humans, have also found this to be 
true. On the other hand. Rose (’20) and Edelstein (’32), 
working with adult humans and children, respectively, found 
carrots highly effective in maintaining" calcium balances. 

The generally lower utilization in the preliminary experi- 
ment of both milk (38 against 58%) and carrots (32 against 
43%) is probably largely due to the differences in ages for as 
discussed later mice tend to show a poorer utilization of cal- 



MICE AND THE UTILIZATION OF CALCItrM 


203 


cium of cabbage as the age increases. The fact that the dif- 
ference between the utilization of carrot and milk calcium in 
the preliminary experiment (32 against 38%) was much less 
than in the subsequent experiment of table 4 (43 against 58% ) 
is due, at least in part, to the difference in the levels of dietary 
calcium, which as shown in table 3 significantly affects utili- 
zation values. 

The dehydrated cabbage was fed at 3 levels of 12, 20 and 
28% replacing 4, 7 and 10 gm of the 20 gm of skim milk, 
respectively. The utilization values of 50, 48, and 45% as 
against 58% for milk (table 4) show a definitely lower util- 
ization of cabbage calcium. Also, as expected, a progressively 
lower utilization was observed as the per cent of milk replaced 
was increased. At the 13% dried skim milk level, the values 
of 43 dr 0.4% for carrots and the 48 rt 0.8% for cabbage show 
a slightly better utilization of cabbage calcium as compared 
to that of carrots. Kelly ( ’43) found that in the rat. Savoy 
cabbage calcium was 80% utilized as against 86% for milk, 
but fed both at relatively low levels of calcium intake. 

A further attempt was made to investigate the apparent 
difference of utilization at various calcium levels noted pre- 
viously (table 2). Four litters of mice were used as before 
except that 2 mice from each litter were killed as base line 
controls of initial calcium content. Four diets containing 10, 
15, 20 and 25% dried skim milk were fed. The percentage 
utilization is inversely related to the calcium intake, as table 
3 clearly shows. 

A further attempt was made to check the previous obser- 
vation that the age of the mice was an important factor in the 
percentage utilization of dietary calcium. As a few females 
were available, it was also decided to see if there were appre- 
ciable sex differences in utilization. Weanling mice from 2 
litters (T and U) fed diet Cab-3 with a calcium content of 
0.28% were used. The first group of males, T-2, T-3 and IT-3, 
were killed after 12 days and showed utilization values of 61, 
56 and 62%. The other males, T-4, and U-1, were killed after 
24 days of feeding and showed values of 54 and 51 % utiliza- 
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tion. Five males on this same diet (Cab-3) in a previous ex- 
periment (table 4) had shown an average value of 50 ± 1.5% 
over a 20-day period which is considered a good cheek between 
the 2 different experiments. The 2 females, T-1 and TJ-2, were 
killed after 24 days and showed slightly lower values of 46%. 


TABLE S 

The calcium content of albino mice * under various conditions* 


NO. OF 
MICE 

SEX 

AGE 

TOTAL 

WEIGHT 

BOOT CALCIUM 

REMARKS 



days 

gm 

mg 

% • 


5 


0-1 

5.3 


0.292 

newborn 

2 


15 

10.3 


0.577 

sucklings 

no 

M 

19-22 



0.70 ± 0.008 

weanlings 

9 

F 

21-22 



0.70 ± 0.017 

weanlings 

6 

M 

31 



0.76 ± 0.009 

1 week on 20% dried 







skim milk diet. 

16 

M 

40 



0.73 ± 0.007 

3 weeks on 20% dried 







skim milk diet. 

6 

M 

56 



0.70 ± 0.005 

5 weeks on 20% dried 







skim milk diet. 

4(3F) 


21 



0.64 ± 0.007 

weanlings of litter X 

10 (4F) 


22 



0.70 ± 0.006 

weanlings of litter W 

4 

F 

22 



0.69 ± 0.007 

weanling females of 







litter W 

6 

M 

22 



0.70 ± 0.007 

weanling males of lit- 







ter W 

1 

F 

120 

24.7 

~198To~ 

0.802 

adult had just weaned 







4 mice. 

1 

F 

120 

28.4 

211.5 

0.745 

adult had weaned 6 







mice 1 week before. 

1 

F 

120 

29.1 

229.6 

0.788 

adult had weaned 7 







mice 1 week before. 

1 

F 

120 

23.0 

230.8 

1.003 

adult "ate litter 3 







weeks before. 

1 

F 

120 

23.9 

239.7 

1.0.02 

adult ate litter 3 







weeks before. 

1 

M 

120 

‘ 23.0 

230.0 

1.000 

adult male. 

1 

M 

120 

24.7 

249 6 

1.010 

adult male 


^ All animals after weaning had been on the basic 20% powdered skim milk diets 
(nos. M^2, M-2a). 
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Admittedly the number of animals used here is too small to 
show other than trends. However, the values are consistent 
and do bear out the observations in earlier experiments. 

Table 5 includes data on the calcium content of albino mice 
at various ages. In general, the total content and percentage 
of calcium in the body increases from birth to adult life as 
Sherman and MacLeod (’25) and Briwa and Sherman (’41) 
found for rats. However, the data fail to show a significant 
sex difference for mice such as these authors found with rats. 

SUMMARY AND CONCLUSIONS 

The technique of the Sherman group for the determination 
of available calcium in vegetables using rats has been adapted 
to albino mice and, for our purposes, is considered to be su- 
perior as it results in a marked saving of space, time, mater- 
ials and money in routine investigations of the availability 
of calcum of foodstuffs. 

Litters of weanling albino mice at 20 days of age, in litter 
mate comparisons, were fed diets in which nearly all of the 
dietary calcium was derived from dried skim milk. The utili- 
zation values obtained were compared to those of similar diets 
in which up to one-half of the milk calcium was replaced by 
that of dehydrated vegetables, i.e., cabbage and carrots. 

The mice utilized 45 ± 1.0% of the dietary calcium from 
the cabbage diet when one-half of the dried skim milk calcium 
was replaced by cabbage calcium as compared with a utiliza- 
tion of 58 dr 1.0% of the calcium from the control (20% dried 
skim milk) diet. When only 35% of the milk calcium was 
replaced by the vegetables tested, calcium utilizations of 
48 rt 0.8% were obtained for the cabbage diet and 43 rt 0.4% 
for the carrot diet as compared with 58 rh 1.0% for the con- 
trol diet. 

The utilization of milk calcium was found to vary from 
45 dr 1.1% at a 25% dried skim milk level (0.34% dietary 
calcium) to 86d:3.7% at a 10% skim milk level (0.17% 
dietary calcium). 
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There appeared to be a tendency for poorer utilization of 
dietary calcium as the age of the mice increased. A slightly 
poorer utilization by females was noted in the case of 2 females 
tested. 

The data on total calcium content of albino mice showed 
values of about 0.3% at birth rising steadily to a little over 
1% in adults, with no appreciable variation due to sex. 

It was also apparent that weanling mice show a definitely 
lower utilization of dietary calcium than do weanling rats at 
a similar intake level. 
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INTRODUCTION 

The presence of amino acids in human urine has been recog- 
nized for many years but there has been relatively little 
information on the individual acids, largely because no suit- 
able analytical methods were available for the quantitative 
determination of small amounts of these substances in complex 
mixtures. In the present study diets of known composition 
were fed to human subjects, and the urine collected was 
analyzed for 16 amino acids by established microbiological 
techniques (Schweigert et al., ’44; Greenhut et al., ’46; Mc- 
Mahan and Snell, ’44). 


EXPERIMENTAL 

The diets were part of a large series designed to reveal 
differences in the biological availability of protein from soy 
beans at different stages of maturity and prepared in various 
ways. The general procedure was the same as that used by 
Murlin and coworkers (’38). Four human subjects (college 
women) consumed diets in which 80% of the total nitrogen 
was supplied by mature dried soy beans or by eggs, the 

'Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station, Supported in part by grants from the Wisconsin Alumni 
Research Foundation and the Jonathan Bowman Cancer Fund. 
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“reference protein. ’ ’ The soy beans were prepared by soaking 
over night and boiling for 60 minutes, or by autoclaving at 
110°C. for 30 minutes. The protein level of the diets supplied 
5% of the total calories and the remaining calories were divided 
equally between carbohydrate and fat. Food furnishing approx- 
imately 45 cal. per kg of body weight was consumed daily. The 
daily intake of 3 of the 4 subjects is indicated in table 1. 
These subjects weighed an average of 64 kg; the fourth sub- 
ject weighed only 56 kg and received 87 % as much nitrogen 
as the others. 

TABLE 1 

Composiiion of diets consumed daily. 


COMPONENT 

DIET I 

DIETS 

II AND III 


pm 

pm 

Egg 

216 


Mature dried soy beans 


771 

Butter 

49 

59 

Sucrose 

114 

101 

Cream 

107 

107 

Cornstarch 

75 

. 75 

Crisco 

30 

30 

Karo 

28 

28 

Lettuce 

100 

100 

Carrots 

50 

50 

Grai)efruit juice 

200 

200 

Applesauce 

150 

150 

Lactose 

70 

70 

Salad oil 

10 

10 

Gm of nitrogen 

5.17 

5.13 

^ Diet II contained boiled soy beans ; 

the soy beans in diet 111 

were autoclaved. 


The subjects consumed the diets for periods of 6 days each 
in the following sequence : egg protein diet I ; boiled mature 
soy protein diet H ; egg protein diet I ; autoclaved mature soy 
protein diet ITI. Routine determinatiohs of nitrogen balance 
were made throughout each of the experimental periods. The 
urine samples analyzed for amino acids were those collected 
on the sixth day of each of the last 3 dietary periods. The 
specimens from individual subjects were preserved under 
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toluene and HCl, and the total daily urine was diluted to 
1500 ml, adjusted to a pH of 7, and then 15 ml were further 
diluted to 100 ml for the microbiological assays. Amino acids 
(tables 2-4) were then determined with Lactohacillus 
arabinosus, Leuconostoc mesenteroides, or Streptococcus 
faecalis R by methods previously employed on urine from 
experimental animals (Sauberlich and Baumann, ’46). 

RESULTS 

The subjects were in good health on all diets. They main- 
tained their weights and remained in nitrogen equilibrium 
for the second and third experimental periods although they 
went into negative nitrogen balance during the fourth period 
when autoclaved soy protein was fed (Steele, ’46). An average 
of 5.13 gm of nitrogen was consumed daily during the latter 
period, while the average loss of nitrogen per day was 5.77 gm 
(5.31-6.26). 

Fourteen of the 16 amino acids detennined were found 
in most of the specimens of urine analyzed (tables 2 to 4). 
Leucine was always absent from the urine when the egg pro- 
tein or the boiled soy bean protein was fed, but on the auto- 
claved soy bean diet, on which the subjects were in negative 
nitrogen balance, some leucine appeared in the urine of all 
subjects. Aspartic acid was never present in microbiologically 
available form in any of the specimens of urine. Occasional 
samples of urine were also devoid of isoleucine, lysine, or 
proline, although these latter amino acids were usually pres- 
ent and the average excretion of proline was one of the highest 
of all acids when expressed as the percentage of that ingested 
appearing in the urine. There were no significant variations 
in the excretion of amino acids by the different subjects nor 
did there appear to be any consistent relationship between the 
amounts of the different amino acids ingested and the amounts 
excreted in the “free” form in the urine. The most abundant 
amino acids in the egg diet were leucine, aspartic acid, and 
glutamic acid, and 2 of these did not appear in the urine as 
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TABLE 2 


Urinary excretion of amino acids by 4 human subjects ingesting egg protein. 


AMIXrO ACIDS 
IKGBSTSD DAILY 


AMINO ACIDS BXCEBTSD 
DAILY 

PEBCSKTAOB OT INQB8TBD 
AMINO ACIDS BXCBETBD 


Range 

Average 

Range 

Average 


gm 

mg 

mg 

% 

% 

Arginine 

1.99 

3.5- 5.0 

4.4 

0.17- 0.26 

0.22 

Aspartic acid 

3.38 

0.0 

0.0 

0.0 

0.0 

Cystine 

0.57 

70.7-81.3 

76.2 

11.78-16.12 

13.40 

Glutamic acid 

3.32 

30.0-93.0 

61.0 

0.86- 2.79 

1.84 

Histidine 

1.12 

51.4-84.0 

74.6 

4.44- 8.30 

6.68 

Ispleucine 

1,59 

0.0- 5.0 

5.0 

0.00- 0.30 

0.31 

Leucine 

5.37 

0.0- 

0.0 

0.00 

0.00 

Lysine 

1.79 

0.0- 6.0 

1.5 

0.00- 0.32 

0.08 

Methionine 

0.98 

0.8- 4.3 

2.4 

0.10- 0.52 

0.25 

Phenylalanine 

1.69 

o 

od 

1 

CO 

4.9 

0.18- 0.45 

0.29 

Proline 

0.92 

0.0-20.0 

7.0 

0.00- 2.08 

0.51 

Serine 

2.88 

13.0-33.0 

27.0 

0.44- 1.16 

0.95 

Threonine 

1.42 

21.0-27.0 

24.9 

1.68- 1.82 

1.75 

Tryptophane 

0.48 

5.8- 8.2 

7.5 

1.16- 1.83. 

1.56 

Tyrosine 

1.51 

13.0-25.0 

16.5 

0.82- 1.91 

1.10 

Valine 

1.35 

4.4-11.5 

7.3 

0.31- 0.82 

0.55 


'Average ingestion for the 4 subjects. The amounts of amino acids ingested 
daily were calculated from the percentages of amino acids in eggs as published in 
Block and Bolling (^45), except those marked which are from Jacobs, M., Food 
and Food Products, vol. 1 (’44) and those marked which were determined in 
this laboratory. 

“free”* acids, while only 61 mg of the 3324 mg of glutamic 
acid ingested daily was excreted free in the urine. The most 
abundant amino acids in the urine were cystine and histidine, 
neither of which was particularly abundant in any of the 
diets fed. 

*The term **free” amino acid is used to indicate those forms of the acid 
available to the species of microorganism used in the assay. This would include 
the amino acids in certain peptides, such as leucyl glycine which can satisfy the 
needs of the organism for these amino acids (Kuiken et al., ’43), although the 
amino acids of many other peptides do not appear to be microbiologically avail* 
able (Lewis and Olcott, ’45). 
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Expressed as the percentage of ingested amino acid ex- 
creted in microbiologically available form, wide differences 
were observed between the different amino acids. Thus on the 
egg diet the percentage of ingested leucine and aspartic acid 
excreted was 0.0% and it was less than 0.5% for arginine, iso- 
leucine, lysine, methionine, and phenylalanine. On the other 
hand, 13.4% of the ingested cystine appeared in the urine and 
6.8% of the ingested histidine. These latter 2 amino acids 
were also the most abundant in the urines excreted on the 
soy bean diets (tables 3 and 4). 

TABLE 3 

Urinary excretion of amino acids hy 4 human subjects ingesting protein of 

boiled soy beans. 


AMINO ACIDS 
INGBSTXD DAILY 

1 _ 

AMINO ACIDS SXCBETSD 
DAILY 

PERCENTAGE OP INGESTED 
AMINO ACIDS EXCRETED 


Bsnge 

Average 

Range 

Average 


gm 

mg 

mg 

% 

% 

Arginine 

1.67 

4.5- 5.5 

5.1 

0.23- 0.37 

0.36 

Aspartic acid 

3.98 

0.0 

0.0 

0.00- 

0.00 

Cystine 

0.20 

66,6-72.9 

68.7 

31.80-37.20 

34.00 

Glutamic acid 

4.32 

25.0-44.0 

33.2 

0.56- 1.16 

0.76 

Histidine 

1.06 

55.9-87.5 

73.2 

5.14- 8.10 

6.92 

Isoleucine 

1.42 

0.0-10.0 

4.5 

0.00- 0.68 

0.32 

Leucine 

2.05 

0.0- 0.0 

0.0 

0.00 

0.00 

Lysine 

1.62 

0.0- 6.0 

3.0 

0.00- 0.41 

0.37 

Methionine 

0.63 

0.7- 4,5 

.2.5 

0.12- 0.71 

0.40 

Phenylalanine 

1.73 

4.0-11.8 

7.1 

0.22- 0.66 

0.41 

Proline 

0.99 

0.0-20.0 

7.0 

0.00- 2.30 

0,60 

Serine 

1.51 

13.0-26.0 

21.3 

0.89- 1.66 

1.41 

Threonine 

1.18 

15.8-22.0 

19.7 

1.29- 1.80 

1.67 

Tryptophane 

0.48 

5.0- 9.0 

7.5 

1.16- 1.97 

1.55 

Tyrosine 

1.26 

8.0-14.0 

11.0 

0.61- 1.08 

0.88 

Valine 

1.29 

3.1- 5.0 

4.1 

0,23- 0.38 

0.32 


^Ayeragfe ingestion for the 4 subjects. The amounts of amino acids ingested 
daily were calculated from the percentages of amino acids in eggs as published 
in Block and Bolling (H5), except those marked which are from Jacobs, M., 
Pood and Pood Products, vol. 1 (^44), Baumgarten et al. (^46), and those 
niarked which were determined in this laboratory. 
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When boiled soy beans were fed, the excretion of “free” 
amino acids was very similar qualitatively to that observed on 
the diet containing eggs, in spite of the different amino acid 
mixture that was present (tables 3 and 4). The soy bean diet 
contained more glutamic acid than the egg diet and pre- 
sumably also more nitrogenous compounds other than the 
16 amino acids determined, since the percentages of total 
nitrogen were essentially equal on both diets. The soy bean 
diet contained less leucine, less methionine, and appreciably 
less serine and cystine than the egg diet. Nevertheless the 
amounts of cystine excreted were essentially the same whether 
eggs or soy beans were fed. Since the daily intake of cystine 
was relatively low on the soy bean diets, the percentages of 
excretion appeared to be particularly high on the latter, 34.4 
and 36.6% on boiled and autoclaved soy beans, respectively, as 
contrasted to 13.4% on eggs. With the single exception of 
leucine, there were no very marked differences between the 
excretion of amino acids during the periods representing the 
2 kinds of soy beans (tables 3 and 4). No leucine appeared 
when the boiled soy bean diet was eaten, while 13.0 mg were 
excreted daily in the urine when autoclaved soy beans were 
fed. But if, as suggested above, the appearance of leucine on 
the latter diet was related to the negative nitrogen balance 
of the subjects, the mechanism for the excretion of leucine 
would still appear to differ from that for the other amino 
acids, since the excretion of the other acids was not altered 
greatly by the negative nitrogen balance (tables 3 and 4). 
Leucine has been reported to be present in certain pathological 
urines, presumably combined with tyrosine (Hawk and 
Bergeim, ’44). 

Significantly there were no essential differences in the ex- 
cretion of methionine on the 3 diets, although methionine is 
apparently the limiting amino acid in- raw soy beans, and the 
degree of availability depends on the heat treatment applied. 
Nor did the excretion of lysine appear to be in any respect 
unusual in these experiments. Lysine is relatively labile to 
heat (Greaves, Morgan and Loveen, ’38) and a measurable 
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destruction of lysine has been reported in over-heated soy bean 
meal (Clandinin et al., ’46). In the present experiments the 
daily average excretion of lysine was 1.5 mg during the auto- 
claved soy bean period and 3.0 mg on boiled soy beans. This 

TABLE 4 

Urinary excretion of amino acids by 4 human subjects iupesting protein of 
autoclaved soy beans. 

AMINO ACIDS KXCRBTED PERCKNTAGR OP INOBSTED 

AMINO ACIDS DAIIjY AMINO ACIDS EXCRETED 


INQIGSTBD DAILY ’ 




Range 

Average 

Range 

Average 


gm 

mg 

mg 

% 

% 

Arginine 

1.67 

6.0-10.0 

8.1 

0.35- 0.68 

0.49 

Aspartic acid 

3.98 

0.0 

0.0 

0.0 

0.0 

Cystine 

0.20 

62.9-91.7 

74.0 

30.00-43.50 

36.60 

Glutamic acid 

4..32 

23.0-70.0 

49.0 

0.51- 1.83 

1.13 

Histidine 

1 .0(5 

61.8-77.0 

69.3 

5.70- 7.10 

6.55 

Isoleucine 

1.42 

2.0-12.0 

4..5 

0.14- 0.81 

0.32 

Leucine 

2.O.’ 

6.0-23.0 

13.0 

0.28- 1.24 

0.64 

Lysine 

1.62 

0.0- 6.0 

1.5 

0.00- 0.41 

0.10 

Methionine 

0.63 

1.2-10.0 

4.3 

0.10- 1.54 

0.68 

Phenylalanine 

1.73 

2.0- 4.1 

3.2 

0.11- 0.27 

0.19 

Proline 

0 99 

0.0-20.0 

15.0 

0.00- 2.30 

2.02 

Serine 

1.51 

21.0-38.0 

26.5 

1..34- 2.78 

1.75 

Threonine 

1.18 

21 .0-23.0 

22.0 

1.70- 2.18 

1.87 

Tryptophane 

0.48 

6.6-11.0 

8.4 

1.30- 2.20 

1.74 

Tyrosine 

1.26 

13 0-17.0 

14.2 

1.00- 1.30 

1.09 

Valine 

1.29 

6.0-11.5 

9.2 

0.4.5- 1.00 

0.72 


* Average ingestion for the 4 subjects. The amounts of amino acids ingested daily 
were calculated from the percentages of amino acids in eggs as published in Block 
and Bolling (M5), except those marked which are from Jacobs, M., Food and 
Food Products, vol. 1 (^44), Baumgarten et al. (’46'), and those marked 
which were determined in this laboratory. 


difference might suggest a difference in lysine intake. On both 
diets, however, variations within groups were wide and in- 
individual samples of urine w’ere encountered in which no 
lysine was present. Nevertheless, if the differences in indi- 
vidual excretion between the 2 groups should prove to be 
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significant, it would appear that boiling soy beans for 60 min- 
utes was less deleterious to lysine thaii autoclaving at a 
higher temperature for a shorter period of time. It is even 
possible that the negative nitrogen balance of the subjects on 
the autoclaved beans may have been due to an insufficiency of 
available lysine. Murlin and co-workers ( ’46) added lysine to 
a baked soy bean diet and observed a higher biological value 
as tested on human subjects. 

Peptides 

■Experiments on urine from rats and mice (Sauberlich and 
Bapmann, ’46) suggest that at least half of the amino acids in 
mouse urine is present as peptides, while in rat urine the 
percentage of such bound amino acids exceeds 75%, Prelim- 
inary experiments in the present study suggest that bound 
amino acids were also present in the samples of human 
urine analyzed. The urine was hydrolyzed in 2 N acid or 
5NBa(OH)a for 5 hours at 15 pounds pressure and the 
samples were then re-assayed for certain of the amino acids. 
No leucine was found, although recoveries of leucine added 
prior to hydrolysis ranged from 97 to 133%. Hence it was 
concluded that this acid is not present in normal human urine 
in either the free form nor as a peptide. However, the amounts 
of microbiologically available tyrosine, tryptophane, and 
serine were found to have increased 4 to 5 fold after 
hydrolysis. A 24-hour specimen of urine which contained no 
aspartic acid before hydrolysis contained 88 mg of this acid 
after the peptides were hydrolyzed. Aspartic acid, therefore, 
is an example of an amino acid that exists in human urine 
almost entirely in a bound form. Several other workers have 
concluded that human urine contains peptides (Van Slyke, 
’13; and Albanese et al., ’46). 

DISCUSSION 

In a previous study it was observed (a) that the amounts of 
the amino acids excreted in the urine by rats and mice de- 
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pended upon the amounts ingested, (b) that the percentages 
of ingested acid appearing in the urine in microbiologically 
available form were approximately the same for all amino 
acids except cystine and (c) that all of the 16 amino acids 
determined were present in every specimen of rat or mouse 
urine examined (Sauberlich and Baumann, ’46), 

The present results on human urine indicate that the excre- 
tioh of amino acids by man differs from that by the rat or 
mouse in each of these respects. The amounts of any one 
amino acid excreted by human subjects were essentially the 
same whether eggs or boiled soy beans were fed, in spite of 
differences in the amino acid content of the two diets. Many 
specimens of human urine were encountered that lacked one 
or more of the amino acids proline, lysine, or isoleucine ; free 
aspartic acid was never present, and leucine only under special 
circumstances. On the other hand histidine and cystine were 
always present in relatively high percentages of the amounts 
ingested. 

These differences between species suggest that in general 
the human organism exerts more control than rats or mice 
over the excretion of amino acids into the urine, and further- 
more that not all amino acids are controlled to the same 
extent. It is also possible that deamination reactions proceed 
more rapidly or completely in man than in the rat or mouse. 

Folin and Berglund (’22) observed that the amounts of 
alpha amino nitrogen in the urine of men and dogs increased 
with increases in the blood, and concluded that there is no 
renal threshold for amino acids comparable to that for glucose. 
The colorimetric method of analysis employed (Folin, ’22), 
however, lacks specificity, and does not measure all amino 
acids to the same extent. It is evident from the present data 
that “thresholds” for the amino acids do exist and that they 
vary from one amino acid to another. Presumably amino 
acids differ in the ease with which they can be reabsorbed 
from the glomerular filtrate through the renal tubules. Leucine 
is an example of an amino acid which must be very efficiently 
reabsorbed, since it does not appear in human urine, although 
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human blood contains from 17.3 to 25.7 Mg per ml of plasma 
(Hier and Bergeim, ’46). These amounts do not differ sig- 
nificantly from those for other essential amino acids in blood, 
including histidine, which occurs in urine in relatively large 
amounts. 

The high urinary excretion of cystine observed requires 
some comment. In the previous study (Sauberlich and 
Baumann, ’46) more cystine was found in the urine of rats 
and mice than the amounts of any other amino acid, but this 
result wns not emphasized because the diet contained cystine 
in the free form while all other amino acids were present only 
as protein (casein). In the present experiments with human 
subjects, however, the cystine fed was all combined as pro- 
tein, and again cystine was the most abundant amino acid in 
the urine. Cystine can function in the detoxication of many 
aromatic compounds (Stekol, ’46) whence it appears in urine 
combined as mercapturic acids. Cystine was also one of the 
first free amino acids to be detected in urine (Alsberg and 
Folin, ’05) and an abnormally high excretion of this amino 
acid has been noted more frequently than that of any other. 
It is possible, however, that microbiological methods of deter- 
mination wiU reveal metabolic abnormalities similar to cysli- 
nuria but involving other acids. Polarographic determinations 
(Reed, ’42) indicated an excretion of 40 to 80 mg of cystine — 
cysteine daily in urine from normal human males ; in the pres- 
ent study daily microbiological values ranged from 60 to 
91 mg. The latter method likewise measures both cystine and 
cysteine. 

STTMMART 

1. Diets containing eggs or soy beans as sources of protein 
were fed to 4 human subjects at a protein level corresponding 
to 5% of the ingested calories, and the amino acid content 
of the urine was determined microbiologically. 

2. Cystine was invariably found to be excreted in the highest 
percentage of the amount ingested, 12 to 44%. Histidine was 
next, 4 to 8%. The percentage excretion for most amino acids 
was found to range from about 0.2 to 1.8% of that ingested. 
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Proline, lysine, and isoleueine were frequently absent from 
the specimens of urine analyzed, free aspartic acid was always 
absent, while leucine was present only when the subjects were 
in negative balance (autoclaved soy bean diet). 

3. There were no group differences between the excretion 
of essential and non-essential amino acids. 

4. The hydrolysis of urine resulted in appreciable increases 
in microbiologically available tyrosine, serine, tryptophane, 
and aspartic acid. Apparently many amino acids in human 
urine were bound as peptides. 
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The inadequacy of galactose as the carbohydrate of rat 
dietax’ies has been reported by Guha (’31), and of lactose by 
Ershoff and Deuel (’44), and Handler and Dubin (’46). 
Young rats, fed a diet in which lactose or galactose is the sole 
carbohydrate, fail to grow properly and die in 3-20 days. 
The present report describes several attempts which have been 
made to determine the physiological mechanism underlying 
this nutritional failure. 


EXPERIMENTAL 

All rats were males of the Vanderbilt strain (Wolfe, Bryan 
and Wright, ’38). They were grown to a weight of 45 gm on 
a commercial stock chow after weaning, then housed in indi- 
vidual cages and offered the experimental diets. The basal 
diet (in %) consisted of casein 10, lactose (or other carbo- 
hydrate) 81, salts (Hubbell, Mendel and Wakeman, ’37) 4, 
cod liver oil 2, cottonseed oil 3, com oil 1. In addition each 
kilo of diet contained thiamine 3 mg, riboflavin 5 mg, pyri- 
doxine 3 mg, calcium pantothenate 30 mg, nicotinic acid 5 mg, 
choline chloride 3 gm, inositol 2 gm, p-aminobenzoic acid 
0.5 gm, mixed tocopherols 50 mg, and naphthohydroquinone 
acetate 50 mg. 
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Various modifications of this diet were fed to groups of 
10 rats each. The results are summarized in table 1. It will 
be seen that galactose, or an equal mixture of glucose and 
galactose was as deleterious in its effects as lactose itself. This 
is in agreement with the work of Guha ( ’31) but in contrast 
to the findings of Ershoff and Deuel (’44). It would seem to 
indicate that the galactose moiety of the lactose molecule is 
responsible for the observed effects. Increasing the protein 

TABLE 1 


The efpcis of dietary modifications on lactose toxicity. 


DIE7 

DIETARV MODIFICATION 

WETOHT 

CHANGE 

SURVIVAL 

TIME 



gm 

dai/ft 

A 

Sucrose 81% 

23.0 

14.0 > 

B 

Lactose 81% — diarrhea 

— 19.1 

4.9 


no diarrhea 

— 12.7 

7.3 

C 

Galactose 81% — diarrhea 

— 18.3 

5.2 


no diarrhea 

— 15.6 

6.8 

D 

Galactose 81% Glucose 40% 

— 15.3 

7.9 

E 

Lactose 60% 

— 9.4 

10.7 

P 

Lactose 40% 

7.1 

. 14.0 » 

G 

Galactose 20% Glucose 61% 

6.8 

2 

H 

Casein 30% Lactose 61% 

0.8 

11.2 

.T 

Lard 20% Lactose 61% 

3.9 

12.3 

K 

8ulfasuxidine 3% Lactose 78% 

— 15.9 

7.2 

L 

Cellulose 10% Lactose 71% 

— 13.3 

7,7 

M 

NaHCOj 0.0% Lactose 80.5% 

— 16.1 

6.8 

N 

Saline drinking water Lactose 81% 

— 14.0 

7.0 


* Animals sacrificed after 2 weeks. 

* Two rats died on eleventh day, remainder sacrificed after 2 weeks. 


and/or fat content of the diet did increase the rats’ survival 
time and at sufficiently high levels afi^orded complete pro- 
tection. However, this does not seem necessarily to have been 
due to any specific ameliorating effect of the protein or fat 
but, rather, may perhaps be attributed to the diminished 
lactose ingestion. The critical level of lactose in the diet ap- 
peared to be about 60-70% while that of galactose was 
30-40%. In agreement with Ershoff and Deuel (’44) and 
Ouha ( ’31) it was found that when rats weighing more than 
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125 gm were offered tlie high lactose or galactose diets, they 
grew very slowly but survived for several months, developing 
the lenticular opacities typical of such diets, as indeed did 
many of the young rats before they died. 

Since most rats showed at least a moderate diarrhea when 
fed the lactose diets (and to a lesser extent on the galactose 
diets as well) attempts were made to control this with both 
cellulose and sulfasuxidine. However, neither of these did 
effectively control the diarrhea nor did they appreciably 
lengthen the rats’ survival time. Because of the possibility of 
dehydration and acidosis due to both the diarrhea and ab- 
sorption of lactic acid from the bowel, one group was offered 
0.4% NaCl in place of drinking water while 0.5% of NaHCOj 


TABLE 2 

Blood constituenia after lactose feeding. 


DIETARY 

CARBOHYDRATE 

SERUM 

PROTEINS 

CO 2 

CAPACITY 

liACTlC 

ACID 

PHOSPHA- 

TASE 

CA 

p 

NPN 


ffm % 

vol. % 

mg % 

li r.i 

mg % 

mg % 

Sucrose 

7.3 

56 

22 

16.6 

10.1 

7.4 

3] 

Lactose 

6.9 

52 

25 

31.0 

12.4 

6.3 

44 

Galactose 

6.7 

57 

20 

37.3 

11.8 

5.0 

41 


‘ Bodansky Units. 


was added to the ration of another group. Again, neither of 
these measures increased the rats’ .suivital time and actually, 
as will be seen later, nq serious acidosis or dehydration did 
occur in lactose or galactose-fed animals. 

Blood was obtained by decapitation of a number of mori- 
bund animals on the lactose and galactose diets and from con- 
trols on the sucrose diet. Analyses were perfonned for serum 
proteins, CO 2 combining power, lactic acid, phosphatase, 
calcium, phosphorus and non-protein nitrogen. The results 
are summarized in table 2. Each value represents the mean of 
a group of 12 rats although in most instances blood from a 
number of rats was pooled in order to obtain a quantity 
sufficient to perform the determination. Prom the hematocrit, 
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serum proteins and alkali reserve it was adjudged that no 
serious dehydration or acidosis resulted from either lactose 
or galactose feeding. While lactose may stimulate the develop- 
ment of an acidophilic intestinal flora the lactic acid was either 
lost in the stool or readily handled by the liver as its con- 
centration did not rise in the systemic circulation nor did it 
provoke an acidosis. It is doubtful that the slightly elevated 
non-protein nitrogen values were of primary importance in 
the death of lactose or galactose-fed animals but represent a 
terminal event. The elevation of serum calcium is com- 
patible with the known enhanced absorption of calcium from 
the intestine produced by lactose feeding while the decreased 


TABLE 3 

Urinary constituents during lactose feeding. 
Mean S4-hr. values per rat during third tveeh of, 
feeding. Initial rat weight J/iO gni. 


DIRTARY 

CARBOHYDRATK 

VOrATMR 

pH 

TTTRATABI/E 

ACIDITY 

NH.5 

SUGAR 

ACETONE 

BODIES 

OA 

p 


ml 


ml 0.1 N NaOn 

gm 


mg 

mg 

Sucrose 

U 

6.3 

1.8 

1.2 

0 

0 

1.4 

1.6 

Lactose 

43 

3.9 

5.7 

6.4 

0.48 

0 

9.2 

1.9 

Galnctose 

68 

5.6 

5.9 

7.8 

1.40 

0 

5.7 

3.8 


phosphorus may be associated either with the elevated serum 
calcium concentration or with the disturbed carbohydrate 
metabolism to be discussed later. A discussion of the increased 
serum alkaline phosphatase will be reserved for discussion in 
a later report (Handler, Follis and Baylin, in preparation). 

Adolescent rats weighing 150 gm initially were placed in 
metabolism cages and urine was collected from pairs of rats. 
Three pairs of rats were placed on each of diets A, B and C. 
A 24-hour urine was collected from each pair every fourth day 
for 60 days. The urines were preserved with alcoholic thymol. 
The results are summarized in table 3. Each value is the mean 
of 18 samples collected fronti 3 pairs of rats. 
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The increased urine volume observed on the lactose and 
galactose diets was the result of the quite considerable excre- 
tion of reducing sugar seen in these animals. The values ex- 
pressed in the table were calculated as galactose, and indeed, 
since acid hydrolysis failed to increase the reducing power of 
the urine from lactose-fed rats it would seem that these ani- 
mals excreted no lactose. Osazones prepared from the urines 
of lactose and galactose-fed rats appeared identical in crystal 
structure with an authentic sample of galactosazone and gave 
no depression of the melting point in mixed melting point 
determinations. However, in no case was the sugar excretion 
of sufficient magnitude to impose a serious caloric want. This 
was also true in young animals as well. 

A tendency toward acidosis was certainly indicated by the 
acid urines and high excretion of titratable acid and ammonia 
by rats on both the lactose and galactose diets. While this 
might be thought to be due at least in paid to tlie diarrhea, 
these acid urines were also encountered from rats producing 
reasonably well-formed stools and so it seems not unlikely 
that the tendency to acidosis was occasioned by the production 
and excretion of some unidentified organic acid other than 
lactic, pyruvic, acetoacetic or (3-hydroxybutyric. Since no 
diminution in the alkaline reserve was found, the renal ex- 
cretion of this acid adequately prevented a systemic acidosis. 

The markedly increased excretion of calcium by bot h lactose 
and galactose-fed rats is in keeping with the known enhanced 
intestinal absorption of calcium produced by lactose ingestion. 
Since complete balance studies were not performed it is not 
possible to state whether there occurred any unusually great 
retention of calcium or even, perhaps, actual bone deminerali- 
zation. 

Complete autopsies were performed on 4 rats fed galactose 
diet C and 4 fed lactose diet B. The animals were sacrificed 
when moribund, the tissues fixed in 10% neutral formalin, 
and sections were stained with hematoxylin and eosin. Heart, 
lungs, liver, spleen, pancreas, kidney, adrenal, stomach, in- 
testine, brain, thyroid and Jwne were examined. However, 
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nothing was found which seemed contributory to an under- 
standing of the disease process. The intestines were greatly 
distended with gas and contained heavy bacterial colonies. 
No intussusception, volvulus, or ulceration was noted. The 
lymphoid tissues, particularly spleen, all appeared atrophic 
as they do in general inanition. Blood samples removed from 
such animals under sterile conditions failed to reveal any 
bacteremia. Despite the unusual turnover of calcium and the 
somewhat elevated serum calcium concentrations, no evidence 
of calcification of soft tissues, blood vessels or kidney was 
found. The latter is also in keeping with the essentially normal 
blood NPN values. X-ray examination revealed only a com- 
plete, failure of skeletal calcification in adolescent rats main- 
tained on lactose or galactose. This will be reported and 
discussed in detail in a subsequent publication (Handler, 
Follis and Baylin). 

Bonnamour and Escallon ( ’13) found a diminished calcium 
and increased phosphorus content in the femur of a rabbit 
which had been given 10 gm of lactose intravenously daily 
for 3 months. While it seemed unlikely that this sort of 
process, if real, could have accounted for the large urinary 
calcium excretions found in the present animals, it was 
thought of interest to study the effects of intraperitoneally 
administered glucose, sucrose, lactose, galactose and |3-lactose. 
Each of these was given as 10 ml of a 5% solution daily to 
groups of 3 rats whose initial weight was 150 gm each and 
which were maintained' on the basal sucrose-containing diet A. 
Twice each week for 2 months, 24-hour urines were collected 
and calcium, phosphorus and sugar excretion determined. No 
diflferenees were noted in the various groups and, other than 
the urine volumes and sugar excretion, they did not differ 
essentially from a control group given 10 ml of isotonic saline 
per day. At the end of the experimental period the animals 
were sacrificed, their. femurs removed, soaked in 95% ethyl 
alcohol for 24 hours and then in ether for 12 hours. They were 
then dried in an oven, weighed, digested with hot 0.1 N HCl for 
2 hours, made to volume after which aliquots were taken for 
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calcium and phosphorus analyses. While the femurs of the 
lactose, P-lactose and galactose injected rats weighed slightly 
less than those given glucose, sucrose or saline, the calcium 
and phosphorus concentrations and the Ca/P ratios were not 
significantly different. These results are not in agreement 
with the report of Bonnamour and Escallon ( ’13) on a rabbit, 
and imder these conditions, intraperitoneal administration of 
these various carbohydrates for 2 months did not produce any 
significant decalcification of rat femurs. 

TABLE 4 


Carbohydrate metabolism on lactose and galactose diets. 
(Each value mean of 6 rats) 


INITIAIi 

RAT 

WBIGHT 

TIME 

DIETARY 

C.\R BO HYDRATE 

BIX>OD 

OliUCOSE 

BLOOD 

GAl/ACTOSE 

SERUM 

P 

LIVER 

OLY(X)OB.N 

gm 

days 


wg % 

rng % 

mg % 

% 

50 

4 

Sucrose 

112 


6.5 

3.4 

50 

4 

Lactose 

89 

106 

5.4 

1.7 

50 

4 

Galactose 

78 

285 

4.8 

2.5 

50 

7 

Sucrose 

122 


7.4 

3.5 

50 

7 

Lactose 

67 

320 

6.0 

0.7 . 

50 

7 

Galactose 

48 

473 

4.6 

0.4 

150 

10 

Sucrose 

97 


8.3 

3.0 

150 

10 

Lactose 

83 

98 

6.9 

1.3 

160 

10 

Galactose 

87 

316 

5.1 

3.1 


Carbohydrate metabolism studies were performed in the 
following manner. Blood and liver samples were obtained 
from sacrificed young rats after 4 days on diets B (lactose) 
and C (galactose) and from other rats on these diets when 
they appeared moribund (6-9 days). Control animals receiv- 
ing diet A were sacrificed after 4 and 7 days. Samples were 
also obtained from 150-gra rats after they had been on diets 
A, B, and C for 10 days. Total reducing sugar, “true glucose” 
(Somogyi, ’27) and phosphorus analyses were performed on 
the blood samples, and glycogen was determined in the liver 
(Good, Kramer and Somoygi, ’33). The results are sum- 
marized in table 4. 
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Both lactose and galactose feeding consistently resulted in 
a lowering of the blood true glucose, the serum phosphorus and 
liver glycogen in young rats. The effect of galactose on the 
serum phosphorus was much more marked than was that 
of lactose. Liver glycogen values were actually lower in the 
lactose than in galactose-fed adolescent rats and the young 
ones sacrificed after 4 days but not in moribund young rats. 
This may perhaps have been due to the poorer state of these 
animals occasioned by the severe diarrhea. Probably the 
most significant finding was the reduced true glucose values 
obtained in the moribund rats on both lactose and galactose 
diets. 

DISCUSSION 

From the data presented herein and the studies of Ershoff 
and Deuel (’44) and Guha (’31) there is little doubt but that 
high concentrations of lactose in the diet are toxic to the rat. 
However, the physiological mechanism by which tliis toxicity 
is exerted has not yet been completely resolved. From the 
present work and that of Guha it would appear that it is the 
galactose moiety of the lactose molecule which is responsible 
for the observed effects. This, however, is contraindicated by 
the fact that while both lactose and 3-lactose proved toxic in 
the diets of rats of the Long-Evans and the U.S.C. strains, 
equal amounts of galactose resulted only in a temporary 
weight loss followed by slow growth (Ershoff and Deuel, ’44). 
Nevertheless, all indications in the present work seem to 
implicate galactose per se as the toxic factor. 

Ershoff and Deuel (’44) concluded that the fatal effects 
of dietary lactose were probably dependent upon events in 
the intestine. It does not seem reasonable that, by changing 
the intestinal flora, lactose removed or diminished the supply 
of some, as yet unknown, dietary factor so essential to the 
animal economy tha| death resulted in as little as 3 days. 
Apparently not considered by previous workers was the possi- 
bility of death due to diarrhea with consequent acidosis and 
dehydration. However, this too has been ruled out since 
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blood studies showed no evidence of acidosis or dehydration 
nor did saline drinking water or NaHCO;, prove therapeuti- 
cally effective. Moreover, many rats, particularly those on the 
galactose diets, died in a few days yet showed reasonably 
well-formed stools during this period. 

The effects of dietary lactose on calcium metabolism also 
seemed a possible etiologic factor in the death of these ani- 
mals. Lactose, by stimulating the development of an acido- 
philic intestinal flora (Rettger and Cheplin, ’23 ; Hudson and 
Parr, ’24) lowers the pH of the intestinhl tract below the 
duodenum (Robinson and Duncan, ’31). It may be this phe- 
nomenon which is responsible for the enhanced intestinal ab- 
sorption of calcium (Robinson and Duncan, ’31). It seemed 
possible that there might exist a rational correlation between 
our observation that young rats die while adults survive in- 
definitely on lactose diets and the finding of French and Clow- 
gill ( ’37), that in both rats and dogs lactose promotes calcium 
absorption in young animals but not in adults. While the 
markedly increased urinary excretion of calcium and slightlv 
elevated serum calcium concentrations were compatible with 
the aforementioned effects of lactose, there were no indications 
that these changes were of any significance in the pathogenesis 
of this disease. Further, death appeared to be due to the 
presence of galactose, and the effects of galactose on calcium 
metabolism observed in the present work were not as marked 
as those of lactose. 

Within 24 hours after being offered a lactose-containing diet 
virtually all rats showed the gross symptomatology described 
by Ershoff and Deuel ( ’44). They exhibited ruffled fur, edema 
of the hind paws, occasionally alopecia and were all generally 
filthy in appearance. This would all appear to be referable 
to the diarrhea and was only seen in those rats receiving 
galactose which also were afflicted with diarrhea. However, 
no animal actually appeared moribund, weak and listless on 
either lactose or galactose diets until there occurred a fall 
in the blood glucose concentration (table 4). 
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Guha (’31) concluded that the fatal results of galactose 
feeding were due to starvation. This was based upon the 
known slow utilization of galactose, its relatively low renal 
threshold and the increased appetite of rats on a high 
galactose diet. It is not possible to completely deny this pos- 
sibility, but it does not seem likely when one considers that 
galactose-fed rats, eating as much as 7 gm a day excreted no 
more than 2.2 gm of galactose in the urine. If the remaining 
dietary galactose had been utilized properly such rats should 
survive almost indefinitely although their growth rate would 
be expected to be below normal. Instead they died in approxi- 
mately the same time as did rats permitted access only to 
water. The possibility that death is due to simple starvation 
is also compatible with the observations of Holt and Kajdi 
( ’44) that starving rats offered only lactose or galactose died 
as rapidly as did the unsupplemented controls while glucose, 
fructose, sucrose and various reasonably purified fats pro- 
longed the rats’ survival time as much as 25 days. Neverthe- 
less, the extremely rapid course of the disease, the lack of any 
specific histological findings, the numbers of animals which 
died even more rapidly than do rats suffering from simple 
inanition, and the rather unexpected findings of Holt and 
Kajdi (’44) with respect to lactose and galactose described 
above, all point to the probability that death was due to some 
fundamental metabolic disturbance, presumably of carbohy- 
drate metabolism. The findings in the present work suggest 
that not only was there a failure to utilize fully and properly 
the dietary lactose and galactose but tiiat, perhaps, these 
actually interfered with normal carbohydrate (glycogen or 
glucose) metabolism. The studies reported herein do not per- 
mit any definitive statement of the nature of this disturbance 
but do indicate that galactose in the amounts given here may 
interfere with normal glucose metabolism. Thus, despite the 
presence of blood galactose concentrations as high as 600 mg 
%, moribund rats on lactose and galactose diets were found 
to have blood glucose concentrations as low as 40 mg % while 
the supply of liver glycogen appeared to be virtually ex- 
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hausted. It may be that this is related to the observation that 
liver glycogen after galactose feeding is built of 18 hexose 
units rather than the 12 units found in liver glycogen after 
glucose feeding (Bell, ’36). 

This situation appears to be analogous to that in infants 
showing galactosemia and cataracts (Bruck and Eapoport, 
’45; Goldbloom and Brickman, ’46). In these children also 
were found high blood galactose levels and relatively low 
blood glucose concentrations as long as they were maintained 
on milk. When additional galactose was administered in 
tolerance tests, the blood galactose concentrations were 
elevated still further while the blood glucose fell to levels as 
low as 40 mg %. It should be noted that the blood glucose 
of normal children also fell to as low as 50 mg % during 
galactose tolerance tests. However, the blood glucose returned 
to normal and the blood galactose disappeared considerably 
more rapidly in the normal children than in the infants with 
“idiopathic galactosemia.” Further, the clinical signs and 
symptoms of this state all appeared to be referable to the 
disturbance in carbohydrate metabolism and disappeared 
when the patients were placed on a lactose-free regime. 

From consideration of the behavior of the rats described 
in the present report and the response of normal children to 
galactose tolerance tests it appears that the galactosemia with 
its untoward sequelae observed in some children as long as 
their diets contain lactose (as milk) is not really a qualitative 
idiopathic disturbance but rather a somewhat exaggerated 
quantitative response similar to that which can be obtained 
in normal rats and children if the galactose intake is sufficiently 
great. 

SUMMARY 

Weanling rats of the Vanderbilt strain die within 3 to 17 
days after being placed on diets containing more than 60% 
lactose or 40% galactose. No lesions other than those associ- 
ated with simple inanition were found by histological ex- 
amination of their tissues. While most rats exhibited a 
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marked diarrhea and all a profound diuresis, death did not 
appear to have been due to dehydration or acidosis. While 
all rats had a marked calcinuria due to the enhanced calcium 
absorption from the intestine, their serum calcium concentra- 
tions were only moderately elevated and did not appear to 
be an etiologic factor in the death of such rats. Moribund 
rats on both lactose and galactose diets were found to have 
blood galactose concentrations varying from 210 to 640 mg % 
with true blood glucose levels which varied from 26 to 
73 mg %. Simultaneously there occurred an appreciable drop 
in the serum inorganic phosphorus concentration and almost 
complete depletion of the liver glycogen. It is concluded that 
this disturbance of carbohydrate metabolism, which is similar 
to that occasionally observed in infants while they drink 
milk, is the prime etiologic factor in the death of rats on such 
diets. The occasional “galactosemia” seen in infants is 
thought to represent not a qualitative idiopathic phenomenon 
but a quantitative exaggeration of events which can be elicited 
in a normal animal when the galactose intake is sufficiently 
high. The mechanism whereby galactose interferes with nor- 
mal glucose metabolism has not yet been clearly defined. 
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The well-known reaction between nitrous acid and primary- 
amines has led to the question of whether the “nitrite cure" 
impairs the lysine value of pork. It has been suggested that 
lysine would be among the first of the amino acids to be 
attacked if there were any reactions between individual amino 
acids in the proteins of meat, and the nitrite used in the curing 
process. In organic chemistry, reactions between primary 
amines and nitrous acid are ordinarily carried out in strongly 
acid solutions. The pH of meat never reaches such high acid 
values, but the high temperature reached during the heat 
treatment — about 112° to 113°C. — might favor the reaction. 

Heat alone, particularly dry heat or toasting, has been 
shown to have an injurious effect on many proteins. Invaldsen 
(’29), Daniel and McCollum (’31), Morgan (’31), Maynard 
and Tunison (’32), Schneider (’32), Maynard, Bender and 
McCay (’32), Fixen and Jackson (’32), Fairbanks and 
Mitchell (’35), Murlin, Nasset and Walsh (’38), Stewart, 
Hensley and Peters (’43), Block, Cannon et al. (’46) and 
others have demonstrated that dry heat or toasting has an 
injurious effect on many proteins ; and Greaves, Morgan and 
Loveen (’38) and Block, Cannon et al. (’46) have shown tiiat 
the lysine in the protein molecule is particularly sensitive to 
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relatively mild processing procedures. In the cooking of meat, 
the temperature would probably not go as high as in a toasting 
process, but Morgan and Kern ( ’34) have reported that cook- 
ing by 3 different processes tended to lower the biological 
value of beef. 

The commercial canning of luncheon meat involves both a 
nitrite cure and cooking, both of which might have some 
effect on the lysine content of the protein. If they have any 
effect on lysine, it may not be a destruction since Block, Jones 
and Gersdorff (’34) have reported that as much lysine could 
be isolated after acid hydrolysis of heated casein as from 
unheated, and Seegers and Mattill (’35) found that acid 
hydrolysis of heat impaired proteins restored their nutritive 
value when tryptophane, alone, was added. 

The paucity of knowledge at the present time regarding the 
interactions of lysine in the protein molecule makes it difficult 
to interpret results secured by any one method of analysis. 
Animal feeding trials are still the ultimate tests for the avail- 
ability of any one essential amino acid. Accordingly,, animal 
feeding trials were conducted to get information on the rela- 
tive nutritive values of fresh and processed pork luncheon 
meat, and to determine if there is any destruction of lysine 
during the cooking or curing process. 

EXPERIMENTAL PROCEDURE 

A representative batch of ground pork was obtained' from 
a batch prepared for commercial production of canned pork 
luncheon meat. It was divided into 3 parts: one part was 
frozen as fresh meat, a second part was canned, and the third 
part was cured by a standard commercial method and then 
canned. Both of the canned lots were heat processed at the 
temperature and pressure used commercially in the packing 
plant. The curiiig irigredients included 0.15 pounds of sodium 
nitrite per 1000 pounds of meat. After curing and remixing, 
the meat was stuffed into 12-ounce cans and closed under 
vacuum in a commercial closing machine. The cooked samples 
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were heated in a retort for 1 hour at a temperature of 112° to 
113°C., and then immediately cooled with cold water. 

The meats were all stored in a refrigerator, the fresh meats 
being kept frozen until they were fed to the animal's. When 
needed, a can was removed and opened, the meat ground twice 
through a small meat grinder, and mixed. 

The 3 lots of meat were fed to young weanling rats as 
supplements to a basal ration composed of (in %) ground 
yellow corn 85.6, hydrogenated vegetable oil 9.5, salt mix- 
ture 4, sardine oil 0.5, l(-) cystine 0.2, and l(-) tryptophane 
0.2 parts, respectively. In addition, each rat received 0.2 ml 
daily of a commercial preparation ‘ as a source of the B vita- 
mins. Previous (unpublished) feeding trials have shown that 
the greatest deficiency in this ration is with regard to the 
lysine content, and that young rats consuming the ration will 
grow but only very slowly. However, when the ration is 
supplemented with 0.2% 1(-|-) lysine, growth is very markedly 
increased. It was calculated that when the rats were allowed 
10 gm of the basal ration daily, 50% or more of the animals’ 
requirements for amino acids were met, with tlie exception 
of the lysine requirement, where only about 20% of the re- 
quirement was supplied. Lysine, then, was the first limiting 
factor. 

Ten rats were maintained on this diet throughout the ex- 
periment as negative controls. The other rats were divided 
into groups of 10 animals each, and given a daily supplement 
of 0.5 or 1.0 gm of the 3 meats, respectively, fresh, cooked, or 
cured-cooked. The basal ration was limited to 10 gm daily, and 
fed in the regular feed cup. The vitamin B supplement was 
pipetted into a small dish daily, and the meats were weighed 
out daily for each individual rat and dropped into the feed 
cup. Daily feed consumption records and weekly rat weight 
records were kept for a period of 8 weeks. 

One can of meat from each of the three groups was dried, 
defatted, and analyzed for lysine by the specific decarboxylase 
method of Hanke (’46). 

‘Vitab. 
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DISCUSSION OF RESULTS 

Growth curves showing gain in weight of the rats are pre- 
sented in figures 1, 2 and 3. The rats on the basal ration alone 
gained very slowly, averaging only 22 gm in 8 weeks. When 
this same ration was supplemented with 0.2% of 1(-}-) lysine, 
growth was increased to 82.5 gm in 8 weeks (0.2% 1(-|-) 
lysine in the basal ration is equivalent to 20 mg of lysine when 
the rats are allowed 10 gm of food daily). The depression of 
the rate of gain in weight observed by Mitchell and Smutts 
(’32) when tryptophane is added to a corn ration does not 
appear to be a factor when lysine is also added. 

When the meats were fed at a level of 0.5 gm daily as a 
supplement to the basal ration, growth was substantially in- 
creased over that observed in animals receiving no supple- 
mentary meat or lysine (figs. 1 and 2), and a further increase 
was observed in the rats fed 1.0 gm of the meats daily (fig. 3). 

The addition of the meats to the rat diets added considerable 
amounts of other animo acids that were in short supply in 
the basal diet, but the increases in growth were in no case 
as high as was observed when the basal ration was supple- 
mented with 0.2% of l(-f-) lysine. The amount of lysine added 
to the rats’ daily diet through the meats (table 1) was in no 
case as high as the 20 mg consumed daily by the control group, 
hence, the limiting factor for growth was still lysine when 
these low levels of meat were fed. 

Figure 1 presents the gain in weight obtained by feeding 
0.5 gm of the meats daily. While the growth observed on the 
cured-cooked meat is slightly less than on the other meats, 
it is not regarded as significant since in another series of rats 
fed the same rations (fig. 2) growth on the cured-cooked meat 
was as high as that observed on the cooked, and higher than 
that observed on the fresh meat. The growth observed on rats 
fed the cooked meats, in general, runs slightly higher than 
any of the others, eveh when 1.0 gm daily was fed. This may 
be due in part at least, to the protein content of the meat. In 
the cooking process, a certain amount of water and fat sepa- 
rated from the uncured meat," and proved to be very difficult 
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to remix into the meat when the cans were opened. Some of 
the water was sometimes lost, which conld account for the 
variation in the protein percentage from can to can. The fresh 
meat ranged from 15.6 to 16.2% protein, the cooked meat from 
16.6 to 18.8, and the cured-cooked meat from 15.3 to 15.8% 
protein. 

Figure 3, showing the gain in weight of rats receiving 1.0 gm 
of meat daily, indicates that the lysine even in this amount 
of meat is inadequate to support maximum growth, hence, if 



Fig. 1 Curves showing growth of rats receiving the lysine deficient basal 
ration, and daily supplements of 0.5 gm fresh (frozen), cooked, or cured-cooked 
pork luncheon meat, and 0.2% 1(+,) lysine (first series). 

Fig. 2 Curves showing growth of a second series of rats fed the same supple- 
ments as in figure 1. 


thefe were any significant differences in the lysine content of 
the 3 meats, it should appear in the growth curves of the rats 
receiving that amount or less of meat. 

The lysine analysis of the 3 meats (table 1) indicates that 
there was some destruction of lysine in the cured-cooked meat 
but not in the cooked. When calculated to a 16% nitrogen 
basis, the difference between the lysine in the fresh (7.97%) 
and the cooked (8.06%) is not significant. The difference be- 
tween the cured-cooked (7.01%) and the other two probably 
is significant, the loss of lysine being about 12%. 
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When the amounts of lysine are calculated, that each animal 
received per day in its meat supplement, the results can be 
correlated with the gains in weight shown in figure 1, but 



Fig. 3 Curves shomng growth of rats receiving the lysine deficient basal 
ration, and daily supplements of 1.0 gm of fresh (frozen), cooked, or cured- 
cooked pork luncheon meat in comparison with 0.2% !( + ) lysine. 

TABLE 1 

Lysine analysis of meats. 



FRKSH 

MEAT 

COOKED 

MEAT 

OUBBD- 

COOKED 

MEAT 

Lysine in meat calculated 
to 16% nitrogen basis — % 

7.97 

8.06 

7.01 

Average protein content of 
meat (N X 6.25) — % 

15.9 

17.7 

15.5 

Average lysine in meat as fed — % 

1.267 

1.426 

1.086 

Lysine consumed por day, 

0.5 gm. Meat level — mg 

6.33 

7.13 

5.43 

Lysine consumed per day, 

1.0 gm. Meat level — mg 

12.67 

14.26 

10.86 


not so easily with the weight gains of other animals shown 
in figures 2 and 3. 

Since the gains in weight observed in the rats on the 3 
samples of meat are so nearly, uniform at any one level of 
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meat fed, it seems highly improbable that there could have 
been any destruction of lysine greater than the 12% shown by 
the analyses. Insofar as the animal is concerned, the destruc- 
tion may have been either insignificant at that level, or the 
destruction may have been less in other cans of the same 
meats that were opened and fed to the animals. 

SUMMARY AND CONCLUSIONS 

Pork luncheon meats were analyzed for lysine, and fed to 
rats as a supplement to a diet which was deficient in lysine. 

Lysine analyses of fresh, cooked, and cured-cooked pork 
luncheon meat indicate that there was no destruction of lysine 
due to the cooking, but the cured-cooked sample showed a loss 
of 12% of the original lysine content. 

No significant differences in growth were observed on rats 
fed the 3 samples of meat, indicating that if there was a de- 
struction of lysine, it was too small to detect in the feeding 
tests with rats. 
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THE INFLUENCE OF PTEEOYLGLUTAMIC ACID 
(A MEMBEE OF THE VITAMIN M GEOUP) 
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ONX FIQUKE 

(Eeceived for publication September 24, 1946) 


In diseases such as sprue, celiac disease, and cystic fibrosis 
of the pancreas, in which there is an impairment of the ab- 
sorption of fat from the gastrointestinal tract, serum levels 
of carotene and vitamin A may be decreased. Also, the rise 
in serum vitamin A following the oral administration of a 
test dose of vitamin A may be absent or delayed (Chesney 
and McCoord, ’33- ’34; Clausen and McCoord, ’38; Breese 
and McCoord, ’39; May and McCreary, ’41; May, McCreary 
and Blackfan, ’42 ; Ingelfinger, ’43 ; Adlersberg and Sobotka, 
’43; Cayer, EufiBn and Perlzweig, ’45). Other findings which 
suggest a defective absorption of fat soluble factors in sprue 
are a hypoprothrombinemia (Fanconi, ’38 ; Butt and Snell, ’41 ; 
and Ingelfinger, ’43) and a lowering of serum calcium, which 
may be due in part to a failure to absorb vitamin D (Bennett, 
Hunter and Vaughan, ’32; Hanes, ’43; Ingelfinger, ’43). More 
recently it has been found that plasma concentrations of the 

* This work was supported by grants from the Nutrition Foundation, Inc., the 
International Health Division of The Eockefeller Foundation, and the Tennessee 
Department of Public Health. 
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other fat-soluble vitamin, tocopherol, is lowered in steator- 
rheas (Darby, Cherrington and Euffin, ’46). 

The many sipailarities of sprue in man and of vitamin M 
deficiency in the monkey led to the now well-confirmed 
demonstration that pteroylglutamic acid (PGA) is active in 
producing hematologic and clinical remissions in sprue 
(Darby and Jones, ’45; Moore, Bierbaum, Welch and Wright, 
’45; Darby, Jones and Johnson, ’46a, b; Spies, Lopez, Menen- 
dez, Minnich and Koch, ’46 ; Spies, Milanes, Menendez, Koch 
and Minnich, ’46). We have reported that oral glucose toler- 
ance curves and vitamin A absorption curves became more 
nearly normal in sprue after treatment with PGA (Darby 
and Jones, ’45; Darby, Jones and Johnson, ’46a, b). At the 
time of these earlier reports sufficient time had not elapsed to 
evaluate with finality the effectiveness of this vitamin on the 
absorption of fat and fat-soluble factors. The data now in- 
dicate that treatment with PGA results in a definite decrease 
in the total fat loss in the feces of patients with sprue (Darby 
and Jones, unpublished observations). It is of importance, 
therefore, to determine whether there also occurs evidence of 
improved absorption of fat-soluble vitamin A in the cases of 
sprue treated with PGA. 

EXPERIMENT AL 

The subjects were 4 patients with sprue observed in the 
Vanderbilt University Hospital. Certain data on 3 of the 
cases were previously reported (Darby, Jones and Johnson, 
’46a, b). After diagnostic studies were completed the patients 
were treated with doses of either 5 or 15 mg daily of pter- 
oylglutamic acid ^ administered either orally or intramuscu- 
larly. In 2 cases (J.D. and P.S.) therapy was discontinued 
after 14 and 19 days, in the others it has been continuous. 
One of the former patients has relapsed following the with- 
drawal of therapy, apd a second remission has now been 

* We are indebted to Dr. Stanton M. Hardy, Medical Director, Lederle Labora- 
tories, Inc., for generous supplies of synthetic pteroylglutamic acid used in these 
studies. 
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induced by treatment with PGA. None of the patients have 
received supplements of carotene or vitamin A, and there has 
been no effort to alter their usual diets. 

TABliE 1 

The effect of pteroylglutamic acid (PGA) on serum carotene and vitamin A 

levels in sprue. 


PATIENT 

DATE 

CAROTENE 

VITAMIN A 

REMARKS 



tLgflOO ml 

I U./lOO ml 


J.D. 

9-25-45 

8 

98 

Before therapy 


9-29-45 

18 

95 

Before therapy 


10- 4-45 



Therapy instituted, 15 mg 





PGA daily, parenterally 


30-19-45 

21 

129 

Remission 


10-22-45 



Therapy discontinued 


11-21-45 

22 

133 

Remission 


1-31-46 

52 

153 

Remission 


3-20-46 

72 

158 

Remission 


6-19-46 

10 

90 

In relapse 


7-13-46 

14 


In relapse 


7-23-46 

17 

66 



7-25-46 



Therapy instituted, 5 mg 





PGA daily by mouth 


8-26-46 

54 

3 70 

In remission 

P.S. 

10-18-45 

12 

90 

Before therapy 


10-19-45 



Therapy instituted, 15 mg 





PGA daily, parenterally 


10-22-45 

19 

60 



11- 8-45 



Therapy discontinued 


1- 3-46 

63 

66 ' 

Remission 

P.B. 

11- 9-45 

21 

119 

Chronic sprue, before 





therapy 


11-10-45 



Therapy instituted, 35 mg 





PGA daily, parenterally 


11-21-45 

25 

101 

Remission 


12- 6-45 

13 

89 

Remission 


7-17-46 

65 

124 

Remission 

W,0. 

5- 6-46 



Therapy instituted, 5 mg 





daily, orally 


5-16-46 

36 

133 

Early remission 


5-25-46 

73 

103 

Remission 


7-13-46 

51 

95 

Remission 
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Serum carotene was estimated by measuring the absorption 
of a petroleum ether extract in an Evelyn photoelectric colori- 
meter at 440 |i and vitamin A was determined by means of 
the Carr-Price reaction as described by Kaser and Stekol 
(’43). Vitamin A tolerance tests were carried out by esti- 
mating the serum levels at intervals after the oral administra- 
tion of 200,000 1.TJ. of vitamin A as a fish liver oil concentrate. 


CNAiiaC IN VITAMIN A TOLCNANCE IN A CASE OF SPRUE FOLLOWING THERAPY WITH P.G.A 



Fig. 1 Serum vitamin A levels following an oral dose of 200,000 I.U. of vitamin 
A to a patient with sprue. The slight increases observed on 3 occasions during 
relapse or early remission are in sharp contrast to the high rise observed during a 
complete remission following therapy with PGA. 

EESULT8 

The values for serum carotene and vitamin A are listed in 
table 1. Presumably the presence of adequate liver stores 
of vitamin A before the onset of sprue accounts for the satis- 
factory levels of vitamin A as found in these patients. All 
4 subjects showed initial pronounced decreases in the serum 
carotene levels and a gradual increase in the carotene concen- 
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tration followed therapy with PGA. In one case (J.D.) these 
changes recurred during a second relapse and remission. It 
should be noted that as J.D. relapsed the carotene, which had 
approached a satisfactory level, again almost disappeared 
from his blood. There was also a simultaneous drop in 
tocopherol levels of the serum in this patient (Darby, Cher- 
rington and Ruffin, ’46). 

Figure 1 depicts the vitamin A absorption curves for J.D. 
before treatment, during his clinical remission, and during the 
subsequent relapse. The profound change in the vitamin A 
absorption curves following therapy with PGA is apparent. 

DISCUSSION 

These results, together with those previously reported, in- 
dicate that a deficiency in man of the vitamin-M group, of 
which PGA is a member, results in defects of gastrointestinal 
absorption which may be reversed by supplying the deficient 
vitamin. The early cessation of the diarrhea, the reduction of 
the fat content of the stools, the return of the fiat glucose 
tolerance curve to a normal one, and the rapid gain in weight 
in the patient with sprue treated with PGA are all evidences 
of improved absorption. In view of these changes the more 
slowly occurring increases in serum carotene concentration 
and the return of the vitamin A tolerance curve to normal 
during remission are consistent with the interpretation that 
PGA also favorably infiuences the absorption of carotene and 
vitamin A in sprue. The slower rate of correction of the 
absorption of fat-soluble substances than of water-soluble 
substances following the treatment of sprue with PGA is con- 
sistent with the more gradual disappearance of the stea- 
torrhea in sprue after therapy with liver (Hanes, ’43) and 
with L. casei factor (Darby, Jones and Johnson, ’46b). 

This evidence that the administration of one synthetic vita- 
min (PGA) alone may so greatly influence the concentration 
of another vitamin within the body may be cited as another 
example of an interrelationship of foodstuffs (Mitchell, ’43; 
Moore, ’45). It is impressive that a deficiency of vitamin M, as 
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seen in clinical sprue, results in demonstrable malabsorption 
of so many dietary factors — carbohydrate, fat, vitamins, and 
calcium. Additional experimental studies would seem to be 
indicated in order to determine whether any of the secondary 
deficiencies observed in the sulfa-treated (“vitamin M de- 
ficient”) rat (Daft and Sebrell, ’45) are due to impaired 
absorption. The gastrointestinal defects reported by Mc- 
Carrison (’21) in his “vitamin B deficient” monkeys have 
been interpreted as due to a deficiency of thiamine (Williams 
and Spies, ’38). It is now held that McCarrison’s monkeys 
presented the clinical picture of vitamin M deficiency (Day, 
’44)., It appears, therefore, that a reinvestigation of the 
relative roles of thiamine and of the members of the vitamin 
M group in maintaining gastrointestinal function would be 
timely. 

SUMMARY 

Serum carotene and vitamin A levels in 4 cases of sprue 
treated with pteroylglutamic acid (PGA) are reported. It 
was found that the low serum carotene levels observed in 
relapse were gradually increased following therapy.' The 
carotene returned to its previous low level during the relapse 
of one patient following withholding of PGA, and again rose 
after a second period of therapy with PGA. 

Following therapy with PGA an improved ability to absorb 
vitamin A is indicated by a rise in serum vitamin A following 
the administration of an oral test dose. The fact that this 
curve reverted to a typical flat curve during a relapse after the 
withdrawal of treatment is further evidence of the influence 
of this factor on the absorption of fat-soluble substances. 

It is suggested that the M group of vitamins plays an im- 
portant role in the normal physiology of the gastrointestinal 
tract. 
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The effects of nicotinic acid deficiency in swine have been 
well established by Chick and co-workers ( ’38), Hughes (’43), 
Madison, Miller and Kieth (’39) and Wintrobe (’39). Re- 
cently, Wintrobe and co-workers (’45) showed that when the 
level of casein in a purified ration was 26%, the absence of 
nicotinic acid in the ration caused no apparent sign of nu- 
tritional deficiency except that of a slightly lowered growth 
rate. They also showed that when the level of casein in, the 
diet was lowered to 10% and nicotinic acid excluded from the 
vitamin supplement, typical symptoms of nicotinic acid de- 
ficiency resulted. The relationship between protein and nico- 
tinic acid may be explained by the work of Krehl et al. ( ’45, 
’46). These workers found that the inclusion of corn grits 
in a nicotinic acid-low ration caused a marked growth retard- 
ing effect when fed to rats. This effect was counteracted by 
supplements of either nicotinic acid or 1(— ) tryptophane. 
When either rice, oats or rye were substituted for corn, good 
growth was obtained which seemed to indicate that the low 
nicotinic acid content of corn was not the only limiting factor 
in its growth retarding effect. Specter and Mitchell (’46), 
in an application of the paired feeding technique, found that 

* Published with the permission of the Director of the Michigan Agricultural 
Experiment Station as journal article no. 838 (n.s.). 
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the growth-depressing etfect of corn on rats fed a nicotinic 
acid-low ration was associated wdth a decreased food consump- 
tion. These authors further found that the stimulation in 
growth produced by supplementing the corn grits ration with 
nicotinic acid or tryptophane was largely, but not entirely, 
associated with an increased caloric intake. 

In view of the fact that corn constitutes a major portion of 
the ration of swine, particularly in the corn belt states, it 
seemed advisable to study the possible relationships between 
nicotinic acid and tryptophane in a ration largely made up of 
corn. 

EXPERIMENTAL 

Pigs used in this experiment were farrowed by Duroc Jer- 
sey sows which had been bred to a Yorkshire boar. Up to the 
time of weaning all animals had been kept on alfalfa pasture 
to prevent, as far as possible, the appearance of any known 
deficiency. Two weeks before the beginning of the experiment 
the pigs were vaccinated for hog cholera using the serum and 
virus method. The three basal rations used are shown in 
table 1. The protein content of rations A, B and C were 19.2, 
14.0 and 15.9%, respectively, and the nicotinic acid contents 

TABLE 1 

Composition of basal ration.^ 



RATION A 

RATION B 

RATION C 


% 

% 

% 

Corn 

Oats 

80 

87 

90 

Casein (commercial) 

12 

5.5 

4 

Soybean oil meal 

6 

5.5 

4 

Complex mineral mixture* 

2 

2- 

2 


^ Tho following amounts of vitamins were supplied daily to each animal; thia- 
mine, 10 mg; riboflavin, 10 mg; calcium pantothenate, 25 mg; and pyridoxine 
hydrochloride, 6 mg. 

*This mineral mixture contained the following (in %) : bonemeal, 32.3; ground 
limestone, 32.3; sodium chloride, 32.3; ferrous sulfate, 2.5; copper sulfate, 0.2; 
manganese sulfate, 0.1; zinc oxide, 0.1; cobaltous acetate, 0.1; and potassium 
iodide, 0.1. 
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were 6,22, 6.23 and 6.25 mg per pound, respectively, as de- 
termined microbiologically by the method of Krehl, Strong 
and Elvehjem (’43). The higher nicotinic acid content of ra- 
tion B was due to the fact that a new shipment of corn was 
used which contained appreciably larger' amounts of this 
vitamin. The 3 rations were supplemented with a vitamin A 
and D oil in amounts which supplied 1500 I.U. of vitamin A 
and 200 I.U. of vitamin D per pound of feed. All lots were fed 
ad libitum, and each pig received daily the amounts of thia- 
mine, riboflavin, calcium pantothenate and pyridoxine hydro- 
chloride indicated in table 1. 

Both at the beginning and again during the last week of 
the experiment the pigs were placed in metabolism cages and 
a 24-hour urine collection was obtained from each animal. 
The daily excretion of thiamine, riboflavin, pantothenic acid, 
nicotinic acid and N'-methylnicotinamide was determined. 
In addition the daily excretion of tryptophane was determined 
in lots 3, 4, 5 and 6. Thiamine in the urine was determined 
by the method of Mickelsen, donditf and Keys (’45). Micro- 
biological methods were used for the determination of ribo- 
flavin (Snell and Strong, ’39), pantothenic acid (Neal and 
Strong, ’43) and nicotinic acid (Krehl et al., ’43). N'-methyl- 
nicotinamide was determined by the method of Huff, Perlzweig 
and Tilden (’45), The assay for tryptophane in the urine was 
similar to that used by Schweigert, Sauherlich and Elvehjem 
( ’45 ) who modified the nicotinic acid method of Krehl et al. 
(’43) by omitting tryptophane from the media and replacing 
it with nicotinic acid. 

The animals were bled at regular intervals and a study 
made of the cellular constituents of the blood. At the conclu- 
sion of the experiment the animals were autopsied and a patho- 
logical study made of the affected tissues. 

RESULTS 

The effect of high protein 

Pigs in lot 1 were fed the high protein basal ration A plus 
daily supplements of 30 mg of nicotinic acid. These animals 
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gained an average of 1.40 pounds daily as shown in table 2. 
This represents a higher average daily gain than was shown by 
the pigs in any other lot in the experiment. In addition the 
gains for these 5 pigs were more uniform, and all of the 
animals had the healthy appearance of normal pigs. The 
animals in this lot consumed an average of 48 mg of nicotinic 
acid per day. Table 3 shows that the total daily excretion of 
nicotinic acid plus its metabolic N‘-methylnicotinamide was 
25.26 mg per pig or about 53% of the amount ingested. Au- 
topsy of the pigs in lot 1 revealed no gross pathology. 


TABLE 2 


Response of pigs fed the 

various 

experimental 

rations. 

- 

CVTKdOUV OF 1NTERE.«!T 



LOT NUMBER 


' 

2 

3 

4 

5 

6 

Ration f(‘d 

A 

A 



R 

c 

Number of pigs 

5 

5 

5 

5 

ry 

5 

Initial ago in Aveeka 

8 

8 

6 

6 

6 

6 

Number of weeks on trial 

8 

8 

6 

6 

6 

6 

Average initial weight in lbs. 

40 

39 

28 

27 

27 

28 

Average daily gain in lbs. 

1.40 

1.00 

0.76 

0 62 

LOO 

0.76 

Average daily feed consumption, lbs. 

3.64 

3.09 

2.27 

1.98 

2.29 

2.29 

Lbs. of feed per lb. of gain 

2.61 

3.09 

2.98 

3.19 

2.29 

3.01 


Pigs in lot 2 were fed ration A. The animals in this lot did 
not appear to be as healthy as those in lot 1 and their average 
daily gain was smaller (table 2). Three of the animals in 
Ihis lot developed a mild diarrhea within 4 weeks. The average 
daily excretion of N’-methylnicotinamide was 12.21 mg per 
pig as compared with 22.34 mg for the animals in lot 1. 

From an inspection of both the growth and excretion data 
the animals did not seem to be as abnormal as one would 
expect. The autopsy results, however, indicated an abnormal 
condition in the large intestine. When, the abdomen was 
opened the large intestine appeared thickened and upon pal- 
pation felt doughy. The lesions were limited to the large in- 
testine and particularly to that portion of the gut between 
the cecum and rectum. In some cases the congestion of the 
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mucus membrane was severe. A yellowish caseated material 
was firmly adherent to the mucus membrane. Small masses of 
feces were found adhering to the gut in the affected areas. 
All other organs studied appeared normal. Thus, although 
the protein in the ration was high the absence of nicotinic acid 
resulted in deficiency symptoms which were confined entirely 
to the large intestine. The fact that Wintrobe et al. (’45) 
reported no such deficiency when a nicotinic acid-low purified 
ration was fed suggests that corn plays an important role in 
the etiology of this deficiency. This further suggests that the 
relation between corn, nicotinic acid and tryptophane may be 
similar to that found for the rat (Krehl et al., ’46). 

The effect of loiv protein 

Ration B containing 14% protein was fed to the pigs in lot 3. 
Each animal in this lot received 30 mg of nicotinic acid per 
day. As was expected the animals in this lot were normal 
in appearance although their growth rate was not as great as 
that of the animals in lots 1 and 2; however, some of this 
difference is due to the fact that the pigs in this lot were 
placed on the experiment at an earlier age and weighed less 
than the animals in lots 1 and 2 (table 2). The average daily 
excretion of N'-methylnicotinamide was 15.13 mg per pig 
for the animals in this lot. Autopsy revealed no abnormalities 
of any kind, tlie gut being perfectly normal. 

Pigs in lot 4 were fed the low protein ration B. During the 
fourth w'eek of the experiment 4 of the animals in this lot 
developed severe diarrhea. The hair coat appeared rough and 
the skin around the ears was scaly. Autopsy revealed intes- 
tinal lesions similar to those described for animals in lot 2 
except that they were even more severe. In some cases the 
colon had become so weakened that even moderate pressure 
would tear the walls. No pathogenic bacteria could be isolated 
from the intestines of these animals. The daily excretion of 
N^-methylnicotinamide dropped to an average of 4.92 mg 
per pig. The symptoms manifested by these animals corre- 
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spond to those of nicotinic acid deficiency in pigs as described 
by other workers. 

The animals in lot 4 did not develop anemia as evidenced 
by an average hemoglobin content of 12.55 gm per 100 ml, 
but a mild leucocytosis was noted. No other morphological 
abnormalities were observed. 

Pigs in lot 5 w^ere fed basal ration B i)lus daily supplements 
of 200 mg of d, 1-tryptophane. It was evident after the first 2 
weeks of the experiment that the animals in this lot were 
gaining weight more efficiently than pigs in the other lots. The 
pigs had the sleek healthy appearance of normal animals. As 
shown in table 2 the average daily gain was 1 lb. per pig and 
only 2.29 lbs. of feed were required per pound of gain. As 
was expected the tryptophane excretion was highei’ than 
that of lots 3 and 4, but it was surprising to find that the 
average daily excretion of N’-methylnicotinamide was 14.00 
mg as compared with 4.92 mg for animals in lot 4 (table 3) 
since neither lot received any added nicotinic acid. Animals 
in lot 5 consumed 2.29 lbs. of basal ration per day which 
furnished 14.27 rag of nicotinic acid. The total daily excretion 
of nicotinic acid and N’-rnethylnicotinamide averaged 15.69 
mg per pig, which is in excess of the amount ingested. It 
would thus appear that the animals in this lot were obtaining 
an additional source of nicotinic acid which is in some way 
related to the feeding of tr\ 7 )to{)hane. No corresponding in- 
crease in the excretion of nicotinic acid was noted. Rosen, IIutT 
and Perlzweig (’46) have reported that when rats were fed 
50 mg of either 1-tryptophane or its racemic mixture, an in- 
crease in both N’-methylnicotinamide and nicotinic acid excre- 
tion occurred. It is possible that if larger amounts of 
tryptophane had been fed to the pigs the excretion of nicotinic 
acid would have been increased. Autopsy of the animals in 
this lot revealed that in 2 of the pigs a few gross lesions in the 
colon were observed. Although these lesions were of a minor 
nature and seemed to have no visible effect on the health of the 
pigs, it would seem that either the level of tryptophane fed was 
not sufficient to compensate completely for the lack of nicotinic 
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acid or that a source of nicotinic acid is indispensable no mat- 
ter what the level of tryptophane in the diet may be. 

Pi^s in lot 6 were fed basal ration C made up largely of 
whole oats, a grain which is also low in nicotinic acid. The level 
of protein w^as 15.9% as compared with 14.0% in ration B. 
The growth response of these pigs Avas superior to that of the 
animals in lot 4 which had been fed the low protein corn 

TABLE 3 

Average daily urinary excretion of B vitamins, tryptophane and 
IP-methylnicotinamide} 


1.0T NO. 

TirrAMlNE 

RIBOFTjWIN 

PANTOTHENIC 

ACID 

NICOTTNIC 

AI’ID 

k’-mkthvi.- 

NICOTINAMIDF 

ThYPTO- 

I’HANF 

1 

1.68- 

2.70 

14.25 

2.92 

22.34 



0.40-2.50 ' 

' 1.05-3.42 

9.63-18.00 

1.92-4.51 

19.10-31.81 


2 

1.33 

1.83 

19.22 

1 91 

12.21 



0.81-1.82 

1.53-2.12 

13.04-25.52 

0.94-2.75 

7.25-16.30 


3 

1.86 

1.72 

10.19 

2.28 

15.13 

14.25 


1.00-8.27 

1.04-2.67 

8.25-13.60 

1.50-3.50 

14.50-19.86 

9.01-17.00 

4 

1.30 

1.45 

14.38 

1.31 

4.92 

10.71 


1.02-1.65 

1.11-2.16 

12.43-18.06 

1.07-1.57 

3.46- 7.64 

8.05-14.00 

f) 

1.27 

1.59 

11.54 

1.69 

14.00 

20.94 


0.78-2.00 

1.04-2.63 

7.80-14.56 

1.08-2.31 

12.32-16.03 

19.00-24.21 

6 

5.48 

1.78 

17.51 

1.34 

8.98 

19.75 


2.67-7.71 

1.20-2.32 . 

14.60-25.00 

1.05-1.48 

8.40- 9.61 

16.01-25.10 


^ All data are in milligrams per 24 hours. 
® Average. 

* Range. 


ration. The pigs developed a rough hair coat and were untidy 
in appearance but did not exhibit diarrhea. The excretion 
of tryptophane was almost as high as that of the animals in lot 
5 which received tryptophane. The pigs in this lot ingested 
13.91 mg of nicotinic acid daily and excreted 8.98 mg of N’- 
methylnicotinamide. There were no intestinal lesions found 
at autopsy but the colons of all animals were distended with 
oat hulls. The poor growth rates of the pigs in this lot may 
be explained by the high fiber content of the ration. 
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Urinary excretion of thiamine, riboflavin and 
pantothenic acid 

The daily excretion of thiamine, riboflavin and pantothenic 
acid was obtained from all of the experimental pigs. It is 
evident from table 3 that only a small proportion of the addi- 
tional thiamine and riboflavin fed to the pigs was excreted 
in the nrine. The higher average excretion of thiamine in 
lot 6 may he due to the fact that oats, in general, contain 
considerably more thiamine than does corn. It is interesting 
to note that in every lot the daily excretions of pantothenic 
acid were higher than those of the other 2 vitamins. 

DISCUSSION 

The results indicate that when corn constitutes a major part 
of the ration nicotinic acid deficiency occurs even though the 
percentage of protein is relatively high. Wintrobe et al. (’45) 
were not able to produce nicotinic acid deficiency in swine on 
a diet containing 26% casein, but when the casein content was 
lowered to 10% nicotinic acid deficiency appeared. In the 
present experiment it must be remembered that while the pro- 
tein content of ration A was 19.2%, it contained only 12% 
of crude casein and for that reason undoubtedly did not contain 
as much tryptoifiiane as did the high protein ration of Win- 
trobe et al. (’45). It is probable that had the percentage of 
casein in the high protein ration been increased, deficiency 
symptoms would not have appeared. This is borne out by the 
fact that the intestinal lesions of nicotinic acid deficiency 
produced in pigs fed the high protein ration were not as 
severe as those produced when the low protein ration was fed. 

It has been shown by Hughes and Ittner ( ’42) and by Win- 
trobe et al. (’43) that a lack of pantothenic acid in the diet 
of the young pig causes marked inflammation of the intestinal 
tract and diarrhea. The similarity between the lesions pro- 
duced in pantothenic acid deficiency and nicotinic acid de- 
ficiency have been noted. It does not seem likely, however, 
that pantothenic acid was a factor in the deficiency syndrome 
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produced in this experiment. The presence of pathogenic or- 
ganisms in the intestines of the deficient pigs was eliminated 
as a factor since bacterological examination of sections of the 
inflamed colons did not reveal the presence of any of these 
types of organisms. 

The supplementation of the low protein corn ration with 
tryptophane produced animals whose external appearance was 
normal in every respect. The animals gained an average of 1 
lb. of body weight per day. They also utilized their feed more 
efficiently than pigs in the other lots. The fact that 2 pigs 
in this lot did have a mild inflammatory condition of the colon 
may indicate that a dietary source of nicotinic acid is still 
necessary even though the ration is supplemented with trypto- 
phane. However, one might also reason that had the level of 
tryptophane in the ration been higher no such condition would 
have appeared. The fact that the inclusion of tryptophane in 
the ration does lead to an increase in the excretion of N’- 
methylnicotinamide tends to support tlie latter view. The 
exact nature of the relationship between nicotinic acid and 
tryptophane is not clear. Spector and Mitchell (’46) have 
postulated that the increase in the excretion of nicotinic acid 
and N‘-methylnicotinamide following the ingestion of trypto- 
phane indicates that tryptophane may exert a sparing action 
on the dietary requirement for nicotinic acid, and further- 
more that the interrelationship between nicotinic acid and 
trj’^ptophane may be analogous to the metabolic interrelation 
of choline and methionine. 

The results obtained by feeding a ration largely composed 
of oats to young pigs seem to bo overshadowed by the high 
fiber content of the ration. It is significant, however, that 
despite the low nicotinic acid content of ration C no abnormal 
condition was found in the intestinal tract of these pigs which 
probably was due to the fact that the oat protein contains 
considerably more tryptophane than does the protein of corn 
(Block, ’45). 

Using a purified ration the daily nicotinic acid requirement 
of the young pig has been estimated (Hughes, ’43) to lie be- 
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tween 5 and 10 mg^ per 100 lbs. The results of the present 
experiment indicate that with corn as the major constituent 
of the ration the requirement for this vitamin may be higher. 

SUMMARY 

When a high protein, low nicotinic acid, corn ration was fed 
to weanling pigs, mild symptoms of nicotinic acid deficiency 
occurred. The symptoms of nicotinic acid deficiency were con- 
fined entirely to the large intestine and particularly to the 
colon. 

The lowering of the protein content of the same corn ration 
to l4.0% produced very severe inflammation in the large in- 
testine. Supplementing this ration with 200 mg of d,l-trypto- 
pliane per day per pig gave excellent growth response in the 
animal. Two of the animals in this lot showed a very mild 
inflammatory condition of the large intestine. 

No symptoms of nicotinic acid' deficiency were noted when 
the corn was replaced with oats. 
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Evidence (see reviews bj’ Goss (’ 43 ) and by Xajjar and 
Barrett (’ 45 )) indicates that the adult ruminant docs not 
require the B vitamins in its diet. Extensive synthesis of the 
B vitamins occurs in the rumen of the adult bovine; however, 
it has not been established as to which, if any, of the B vitamins 
would be required were rumen synthesis not taking place. 
In order to examine this question the young ruminant in 
which the rumen is not yet functioning was chosen for experi- 
mental study. 

The synthesis of riboflavin in the rumen of both the sheep 
and the bovine has been adequately demonstrated by the 
work of McElroy and Goss (’ 39 , ’ 40 ) ; Wegner et al. ( ’ 40 , ’ 41 ) 
and Hunt et al. ( ’ 41 , ’ 43 ). In our Avork the requirement of the 
young dairy calf foi' riboflavin under conditions which would 
tend to eliminate rumen synthesis has been investigated. 

EXPERIMENTAL 

The experimental animals were 2 male Guernsey calves and 
1 male Holstein calf. The animals, 48 hours old or less when 
obtained, had been receiving colostrum. They were kept in 
individual metal cages 5X6 feet in size, and equipped with 
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heavy wire mesh bottoms. The experimental diet was a “syn- 
thetic milk” having the composition shown in table 1 and 
containing no riboflavin. The lard and wheat germ oil were 
homogenized with the solution of casein, cerelose and salts 
to produce an emulsion containing 13% solids. For complete 
details concerning preparation of this diet see Wiese, John- 
son, Mitchell and Nevens (in press). 

TABLE 1 

C<mj>oH\fion of * * sifnihctie milk'' did? 


( OMl'ONENT ’ 

1*ER CENT 

VITAMINS ADDED 

MO PER KO OP 
LIQUID DIET 

Casein, ' ‘ Labco ' ' 

30.0 

Thiamine 

0.05 

Lard 

26.3 

Pyridoxine 

0.65 

Wheat germ oil 

0.3 

Nicotinic acid 

2.60 

Salts 

4.0 

Calcium pantotluuiate 

1.30 

Cerelose 

39.4 

Inositol 

26.0 



Choline 

260.0 



p-Aminobenzoic acid 

2.60 



Pteroyl'glutainic acid (^* folic acid ”) 0.052 



Biotin 

0.01 



2-Mcthyl-l , 4-naphthoquiiiouo 

' 0.26 



Vitamin A 

5000 l.TT. per day 



Vitamin D 

500 l.TT. per day 


* The lard and wheat germ oil are homogenized with the solution of casein, 
cerelose and salts to produce an emulsion containing solids. For complete de- 
tails see Wiese, Johnson, Mitchell and Nevens, J. Dairy Sci. (in ]»ress). 


After the calves had been on the experiment for approxi- 
mately 2 weeks, the gingival surface of the cheeks and the 
mucosa of the tongue became hyperemic and the gums bled 
on applying slight pressure. Lesions were observed at the 
oral canthi and along the edges of the lips. These observed 
pathological changes are similar to the cheilosis which has 
been described as occurring in human riboflavin deficiency. 

The condition of the calves became progressively worse. 
They exhibited a copious, tenacious, chalky-colored salivary 
secretion which was not shown by calves on other diets. In 
addition to an excessive and abnormal salivary secretion, ex- 
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cessive laclirymation was a characteristic symptom. The gains 
in weight were irregular because of a variable appetite. The 
hair appeared rough and dull and the animals shed excessively. 
Certain areas of the body, such as the abdomen, became prac- 
tically devoid of hair. The calves scoured and the navel region 
became inflamed and irritated. The photographs of calf 
no. 14, figui os 2 and 3, illustrate the appearance of dairy calves 
when deficient in riboflavin. The excessive lachrymation and 
salivation are evident in both photographs, while figure 3 
shows loss of hair on the abdomen and inflammation of the 
navel region. 

After 5 weeks on the diet, calf no. 14 Avas given 5 mg of 
riboflavin by intravenous injection. On the day following 
the injection the animal showed an improved appetite and 
decreased saliAmtion. This improvement was only transitory 
as the animal again exhibited anorexia and showed excessive 
salivation on the second day following the injection. 

Since the condition of the animal became critical, the diet 
was supplemented Avith 5 mg of riboflavin per day. The calf 
AA'as kept on this supplemented diet until taken off the experi- 
ment. Within 3 days after supplementation aa’^rs begun the 
animal’s appetite improved, the hy])eremia of the buccal 
mucosa disappeared, excessive salivation stopped, and he 
started to gain Aveight. In approximately 10 days the lesions 
in the corners of the mouth, along the edges of the lips and 
around the naA’el had healed. New hair began to grow in the 
areas from Avhich hair had been lost. The immediate and 
rapid growth response in body weight can be readily seen 
from figure 1. The improv^ed appearance of the animal after 
riboflavin administration is shown in figure 4. The lack of 
secretion from the eyes and mouth is evident Avhon comparison 
is made with figures 2 and 3. 

Calf no. 13 was given 5 mg of riboflaAnn per day after 6 
weeks on the deficient diet. The response to riboflavin admin- 
istration was the same as that of calf no. 14. The growth data 
for calf no. 13 are also summarized in figure 1. 
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Calf no. 15, which was on the deficient diet for 4 weeks 
only, showed the same symptoms as those reported for calves 
nos. 13 and 14. 

During the course of the experiment periodic examinations 
of the eye were made with the aid on an opthalmoscope. 
Neither vascularization of the cornea nor opacity of the lens 
was observed. 

At weekly intervals 24-hour urine collections wore made 
and the riboflavin content determined by the method of Najjar 
(’41). The data are given in table 2. The first collection was 



Pig, 1 Growth of calves on riboflavin deficient diet. Calves nos. 13 and 14, 
Guernseys; calf no. 15, Holstein. The arrow indicates when feeding of 5 mg 
of riboflavin per day in diet began. 


made when the animals were 48 hours old and had received 
colostrum. Under these conditions the amount of riboflavin 
excreted was high. After 1 week on the riboflavin -deficient 
diet there was a marked drop in the amount of riboflavin 
excreted and by the third week little or no riboflavin was 
found in the urine. When riboflavin was added to the diet, 
however, there was an immediate rise in the urinary riboflavin 
excretion. The practical disappearance of riboflavin from 
the urine of the calves on a diet devoid of this vitamin suggests 
strongly that synthesis of the vitamin was not occurring, 
either in the intestinal tract or in the tissues. These results 
are in contrast to those secured with nicotinic acid, a vitamin 
not necessary in dairy calf nutrition. On a ration free of this 



RIBOFLAVIX DEFK'IEXCY IN DAIRY CALVES 


267 




Figs, tl and Calf iiu. 14 after being on ribotiaviu deficient diet for o weeks. 
Note excessive salivation and lachryniation. Figure 3 shows loss of hair on 
abdomen and inllammation around navel. 

Fig. 4 Calf no. 14 after receiving riboflavin supplement for 3 weeks. Note 
absence* of symptoms. 
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vitamin, the urinary excretion is quite constant and of consid- 
erable inasnitnde (Johnson ct al., in press). 

When the animals 'were sacriticed at the close of the experi- 
ment, postmortem examination failed to reveal any internal 
gross lesions. Sections from the brachial and sciatic nerves, 
stained with hematoxylin-eosin and iSlahon’s technique, did 

TABT.E 2 




TJw urinary 

excretion 

of ril)(> flavin. 



WKBKS ON 
DIET 


1,1 

CM. 

14 

(• MiK 

1 -> 

Bil)ofla\ in 
fed 

Riboflavin 

excreted 

Riboflavin 

fed 

RibotbiN in 
excreted 

Riboflavin 

fed 

Riboflavin 

excreted 


my /da a 

aiy / day 

my /da a 

aty/ day 

my /day 

my /day 

0 

0 

7.09 

0 

10.59 

0 

1.16 

1 

0 

0.08 

0 

0.09 

0 

0.02 

O 

u 

0.040 

0 

0.01 

0 

0.07 

3 

n 


0 

0.06 

0 


4 

0 

O.Of) 

0 

0.08 

0 

0.06 

i) 

0 

0.0 

1) 

0.78 

0 

0 17 

6 

0 

0.0 

5 

1 ..38 



7 

1*5 


;") 




8 

1) 

0.38 

.*) 

1.44 




not show any microscopic lesions. The fi'esh weights of the 
rumen-reticulum for calves 1.3, 14 and 1.') were, respectively, 
381, 3.56 and 349 gm. as compai’od with weights of 376, 407 
and 360 gm for the omasum-abomasum. These measurements 
reveal the undeveloped condition of the rumen. 

nrscHSHio.N 

The young dairy calf fed a “synthetic milk” diet requires 
riboflavin. The low amounts of rilmflavin excreted in the urine 
on a diet devoid of this vitamin indicate that appreciable 
synthesis of the riboflavin in the rumen or in the tissue did 
not occur. Furthermore, the weight of the rumen and reti- 
culum compared to the weight of the omasum and abomasum 
suggest that the development of the rumen was small. The 
fact that after feeding riboflavin, the animal gained weight, 
improved in physical appearance and excreted in the urine 
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only a portion of tin* riboflavin administered is further evi- 
dence that this factor is needed by the calf. 

The absence of lesions in the sciatic or ))rachial nerves, 
and possibly in the eye, may be due to the short period of time 
that the animals were on the deficient diet. 

SUMMARY 

1. The bovine si)ecies re<|uires riboflavin, supplied either 
in the diet or by rumen or intestinal syntliesis. ( )n a riboflavin 
deficient diet the calf develoj^s definite i)atholo^’ical symptoms 
and riboflavin practically disai)pears from the urine. 

2. Riboflavin deficiency in the young‘ dairy calf is char- 
acterized by hyperemia of the buccal mucosa, lesions in the 
coj*ner of the mouth, along the edges of the lips and around 
the navel, loss of ai)petite, ])oor growth, scoui*s, excessive 
salivation and lachryinatir)!!, and loss of hair. Xo vasculariza- 
tion of the cornea or o]>acity of the lens w(u*e observed on 
periodical examination with the ophthalniosco])e. 

2. Tlu‘ lulministration of riboflavin rapidly cures the de- 
fi(‘i(‘ncy. 
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Corneal vascularization is a striking development which 
may appear with nutritional deficiencies. Hall, Sydenstricker, 
Hock and Bowles (’46) have described the appearance of 
corneal vascularization in rats fed a diet lacking protein. A 
similar vascularization may result from deficiencies of lysine 
or tryptophane (Totter and Day, ’42). In a comprehensive 
investigation of the changes in morphology resulting from 
amino acid deficiencies Maun, Cahill and Davis (’45a, ’45b) 
observed that while a diet deficient in phenylalanine resulted 
in no significant ocular changes, leucine deficiency caused pro- 
nounced lesions of the anterior portion of the eye. The corneal 
epithelium was thinner and there was a loss of cellular 
polarity. The epithelial cells appeared to be in flattened layers 
with keratinization on the surface. The basal cells stained 
more deeply with hematoxylin and showed increased numbers 
of mitoses. The substantia propria appeared to have lost its 
fibrillar structure and become homogenous and was thickened. 
Prominent dilated blood vessels were observed beneath the 

'Present address, Department of Ophthalmology, Washington University, St. 
Louis 10; Mo. 


271 



272 


JOSEPH L. BEBG AND OTHERS 


epithelium and in the superficial portion of the substantia 
propria. Around these and in the adjacent stroma small col- 
lections of granulocytes were present. Descemet’s membrane 
was slightly thickened. The vascularization and the epithelial 
metaplasia were observed to be more evident near the liTiibus. 
The same changes were observed in rats on a histidine- 
deficient diet although the changes were less striking (Maun, 
Cahill and Davis, ’46). The structure of the substantia propria 
was preserved though it also appeared thickened. The leuko- 
cytic infiltration of the perivascular tissue was considerably 
less. 

Glynn, llimsworth and Neuberger (’45) investigated the 
patholog}’’ resulting fi-om deficiency of the sulfur-containing 
amino acids but made no report concerning the eyes of their 
animals. 

That methionine deficiency in the rat may result in corneal 
vascularization has already been reported by Sydenstricker, 
Hall, Hock and Fund (’46), The present study is concerned 
with a more comprehensive investigalion of the corneal 
changes which occur in this deficiency. 

EXPERIMENTAL 

Rats of a \Yistar strain were placed on the experimental 
diets when from 21 to 32 days of age. The composition of 
these diets is given in table 1. Since Hall and Sydenstricker 
(’47) have pointed out that 9% casein diets such as diets 25 
and 36 are suboptimal with respect to histidine, lysine, valine, 
threonine and tryptophane, groups of rats were placed on 
diets to which adequate amounts of these amino acids had been 
added (diets 38 and 39). The animals which received the diet 
containing 9% of casein (diet 25) were also compared with 
groups which received diets containing 10 and 11% casein 
(diets 22 and 23) and the control animals (those receiving 
diets 36 and 38) were compared with a group which received 
a 20% casein diet (diet 31). Where possible, littermates were 
divided between the various diets. 
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As a further control, dl methionine was fed to 3 rats having 
corneal vascularization in order to induce a regression of the 
corneal vascularization. 

Also included in table 1 are figures showing the incidence of 
corneal vascularization in the groups of rats in the various 
diets as well as the changes in weight which occurred during 
the first 7 weeks on the diet. It is to be noted, however, that in 

TABLE 1 

Ctmposiinm of (lifts, with the associdied incidence of corneal 
rascvlarieation and rates of growth.^ 


DIl'T NO 

27) 

22 

23 

.36 

38 

39 

31 

Casein ’ 

9.0 

10.0 

dm pet 

11.0 

KJO ym of diet 

9.0 9 0 

9.0 

20.0 

dl Methionine 




0.5 

0.4 



Amino acid mixture ** 
Sucrose 

81.8 

80.8 

79.8 

81.3 

1.57 

79.8.3 

1.57 

80.23 

70.8 

No. of rats on di(‘t 

42 

6 

10 

10 

8 

9 

10 

No. showing corneal 
vascularization 

21 

5 

o 

0 

0 

S 

0 

Growth, gm per day 

0.5 

0.2 

0.0 

0.9 

3.1 

0.7 

3.0 

'All the above diets 

contained 

in each 

100 gni 

: salt 

mixture 

4 gm, cod 

liver 


oil 2 f^m, cottonseed oil 3 grn, choline chloride 0.2 gm, calcium pantothenate 2.0 mg, 
pyridoxiiie liydrochloride 0.4 mg, thiamine hydrochloride 0.4 mg, ribofia\dn 1.6 mg. 
Tlie salt mixture was the same as that used by McKibben, Madden, Black and 
Elvehjem (’39). 

^ V'itamin test casein, General Biochemicals, Tnc. 

‘Amino acids added wore 0,25% of 1 (-) histidine hydrochloride, 0.52% of 
1 (-) lysine hydrochloride, 0.30% of dl valine, 0.40% of dl threonine and 0.40% 
of dl tryptophane. 


the groups of rats on the deficient diets, many died during 
this period. A description of the methods used in caring for 
the animals, techniques used in biomicroscopic examination of 
the rats’ eyes, and of the method used in making injected 
corneal preparations is given in an earlier paper (Bowles, 
Allen, Sydenstricker, ITock and Hall, ’46). 

For morphologic studies, eyes showing changes typical of 
methionine deficiency were selected with the use of the bio- 
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microscope. After the animals were killed, the eyes were 
fixed in 1 : 10 formalin for 24 hours, following which the lenses 
were removed through incisions in the posterior portion of 
the eyes to facilitate sectioning. No histological changes in 
the lens had been observed to occur as a result of the methi- 
onine deficiency. The tissue next was placed successively in 
80%, 95% and absolute ethyl alcohol for periods of 1 hour 
each, after which it was cleared in Cedar oil for a minimum of 
48 hours, or until such time as the procedure was to be com- 
pleted. After immersion in paraffin for 12 hours at 55°C., the 
tissues were blocked and serial sections 7 microns thick were 
cut from a representative area of the cornea. The sections 
were stained with the Harris hematoxylin stain followed by 
an eosin counterstain. 

Flat preparations also were made from quadrants of corneas 
of methionine-deficient rats using the method of Buschke, 
Friedenwald and Fleischmann (’43). One such preparation 
was made from a cornea the capillaries of which had been 
injected with India ink in the manner described by Bowles, 
Allen, Sydenstricker, Hock and Hall (’46). All flat prepara- 
tions were stained with Harris hematoxylin stain followed 
by an eosin counterstain. 

The histological studies reported here were all made on 
corneas from methionine-deficient rats which had been fed 
diet 39, although no differences were observed between the 
histological changes resulting from consumption of this diet 
and the other methionine-deficient diets. Four of the rats had 
been on the diet for about 4 months. The other 5 on this diet 
died after intervals varying from 5 weeks to 4 months. 

The normal variations in the histology of the cornea in 
this strain of rats had been determined by the study of a 
number of normal-appearing corneas from control and stock 
rats. 

As in previous studies our use of the term “corneal 
vascularization” is confined to the situation where there is 
an actual invasion of the cornea by capillaries. In another 
paper we have described the normal variation in vascularity 
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at the limbus in the rat (Bowles, Allen, Sydenstricker, Hock 
and Hall, ’46). 


RESULTS AND DISCUSSION 

Gross examination of the corneas of the methionine-deficient 
rats revealed no observable changes other than a transient, 
diffuse haziness of the cornea. This corresponded to a mode- 
rate degree of opacity which was observed with tlie biomicro- 
scope preceding the invasion of the cornea by capillaries. In 
general, the capillary invasion and the regression of the 
corneal vascularization when the rats were changed to the 
control diet, as observed with the biomicroscope, were similar 
to what had been described as occurring in protein depriva- 
tion (Hall, Sydenstricker, Hock and Bowles, ’46). The prin- 
cipal deviation was that the vessels were usually much smaller 
and often less numerous than the corneal vessels observed in 
the protein-deficient rats although eventually, in some of the 
rats, the vessels attained a comparable size. In many rats 
which had been on the methionine-deficient diet for a month 
or more, the vessels were very small, and barely visible with 
the biomicroscope. Frequently they were only partially filled 
or bloodless. This might be due to a reduction in blood 
volume similar to that observed by Metcoff, Favour and 
Stare ( ’45) and by Benditt, Straube and Humpln-ey ( ’46) in 
rats fed diets very low in protein, or it might possibly be due 
to spontaneous regression of the vascularization. Glynn, 
Himsworth and Neuberger (’45) obseiwed hypoproteinemia 
in their rats deficient in the sulfur-containing amino acids 
which it is presumed might result in a reduced blood volume. 
Except for the haziness of the cornea just preceding the forma- 
tion of the capillaries, the corneas usually appeared to be 
clear and transparent. 

Photophobia was commonly observed in the experimental 
animals showing corneal changes, as has been noted in other 
nutritional deficiencies affecting the cornea. 

Figures 1 through 4 are pictures of injected rat corneas 
with different degrees of vascularization. The size of the 
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vessels seen in figure 5 is characteristic of a large proportion 
of the corneal vascularization seen in biomicroscopic examina- 
tion of methionine-deficient rats. The general pattern of 
vascularization in the corneas of the methionine-deficient rats 
seemed to be very similar to that observed to result from 
protein deprivation (Hall, Sydenstricker, Hock and Bowles, 
’46) though the capillaries were usually much smaller. The 
peculiar pattern of vascularization shown in the cornea in 
figure 6 is exceptional. Since this pattern of vascularization 
was observed in only one eye of one of the methionine-deficient 
rats, it is quite possible that it may have been due to trauma 
of some sort, although no evidence of trauma was seen during 
weekly biomicroscopic examinations or in the injected 
preparation. Figure 4 is a picture of the cornea of the other 
eye of this rat. 

It will be noted in examining the pictures of the injected 
corneas that a number of vessels may be seen which are un- 
filled or are poorly filled with the injection fluid. In most 
cases these vessels, as well as some which did fill with the 
injection fluid, were those frequently observed to be blood- 
less on biomicroscopic examination when the deficiency had 
reached an advanced stage. The distal ends of many of the 
capillaries seen in the pictures were probably in many in- 
stances, at least for a short distance, newly formed capillaries, 
as yet nonfunctional. Figure 3 shows not only vessels which 
were not filled with the injection fluid when the injection was 
made, but also shows the beading such as was observed during 
the process of regression of vascularization in protein-de- 
ficient rats when these rats were returned to an adequate diet 
(Hall, Sydenstricker, Hock and Bowles, ’46). This rat had 
been continuously on the deficient diet from the beginning of 
the experiment until the time when the injection preparation 
was made. It is possible that this represents a partial spon- 
taneous regression of the vascularization. The 9% casein diets 
which we used contained 0.22 to 0.30% of methionine as 
compared to the rat’s requirement of 0.6% in the diet (Hall 
and Sydenstricker, ’47). 
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The plexus of very fine vessels such as may be seen in the 
middle of the picture in figure 4 is such as is frequently ob- 
served in comeal vascularization resulting from amino acid 
deficiencies. 

On examining the histological sections of the cornea, the 
most constant finding was edema of the epithelium and sub- 
stantia propria. In the epithelium the edema was both intra- 
cellular (fig. 7) and intercellular (fig. 8). 

Karyorrhexis, or swelling of the cells with granular dis- 
integration of the nuclear chromatin, was present and almost 
always in the outer 3 cell layers of the corneal epithelium. 

Bowman’s membrane was rarely affected and when it was, 
it was usually slightly displaced in a wavy fashion (fig. 7). 

Vascularization was most frequently characterized by sub- 
epithelial capillaries (fig. 9) and the more marked the 
vascularity, the deeper the vessels were found in the stroma. 
Usually the vessels were seen at approximately the position 
observed with the biomicroseope. In flat preparations un- 
canalized vessels were seen and these undoubledly were the 
same structures which, when seen with the biomicroscope, were 
described as fine, white lines (fig. 11). 

The vascularization in the cornea which avc observed in 
methionine deficiency was similar to that described by Maun, 
Cahill and Davis (’46a, ’46b) for leucine and histidine de- 
ficiencies, though the detailed cellular changes do not coin- 
cide. However, it must be pointed out that our study was 
made with rats which had been for a much longer period on 
a diet less drastically deficient than those used by Maun, 
Cahill and Davis. 

After methionine-deficient rats had been returned to the 
control diet and vessels wore no longer visible on biomicro- 
scopic examination, small bloodless vessels still could be found 
in histological sections. 

The terra “corneal corpuscle” is generally used to refer to 
the normal cell elements of the substantia propria, of which 
there are 2 forms: (1) fixed supporting cells, and (2) wander- 
ing phagocytes. Our observations indicate that under certain 
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conditions a third form may arise, this form being by function 
a primitive endothelial cell, as is indicated by the following 
observations. On examination of the area of formation of the 
new capillary, increased numbers of cells were always ob- 
served distal to the end of the new capillary. These cells were 
similar to the normal corneal corpuscle of the phagocytic type, 
but varied somewhat in size and shape. There were present 
all gradations from the usual corneal corpuscle to a cell type 
which was larger and longer. This latter type appeared 
identical with the endothelial cells seen in the capillary walls. 
As seen in serial sections, these cells were irregularly ar- 
ranged and were seen at various depths. However, in flat 
corneal preparations, the integration of these cells could be 
followed from an irregular arrangement to their final organi- 
zation into a functional capillary. This integration may be 
seen in figfures 10, 11 and 12. Figure 10 is from a photo- 
micrograph of a fiat preparation of a cornea, the capillaries 
of which had been injected with India ink. The area shown 
in the picture includes the branched end of a capillary at the 
farthest point reached by the injection fluid. As may be ob- 
served in this picture, when the side walls of the capillary 
are in focus, they may be seen as orderly lines of cells. On 
following the capillary towards the distal end, a point is 
reached where it becomes bloodless and the lines of cells 
forming the walls are less orderly in arrangement, as may 
be seen in figure 11. The 2 lines of cells forming the walls 
may diverge slightly, and from this point the cells are spaced 
farther apart and become progressively more irregular in 
arrangement, until only scattered cells may be observed, as 
in figure 12. Study of the section from which figure 12 was 
made showed all gradations in size and shape from typical 
phagocytic type comeal corpuscles to the formed endo- 
thelial cells, as previously described. 

That endothelial cells may be derived from corneal cor- 
puscles may be supported on an embryological basis. It is 
generally accepted that in the embryo amoeboid mesenchymal 
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cells move in between the optic cup and the epidermis to 
form, through differentiation, the substantia propria, which 
further differentiates to form Bowman’s and Descemet’s 
membranes. The corneal corpuscles of the substantia propria 
are apparently these primitive mesenchymal cells, some of 
which are differentiated to form the supporting cells, and 
some of which are histiocytes which retain their primitive 
amoeboid nature. These histiocytes may function as phago- 
cytes, or may further differentiate into endothelial cells when 
capillaries are needed. In this instance, it is suggested that 
with methionine deficiency, the nourishment of the avascular 
corneal tissue becomes inadequate and an attempt is made 
by the tissue to compensate for the inadequacy by the develop- 
ment of capillaries to bring additional nourishment. 

Of the 9 rats from 4 litters on diet 39, 1 died before corneal 
vascularization appeared. The remaining 8 all developed 
definite and extensive corneal vascularization in from 6 to 
102 days (mean, 35 days). This diet (diet 39), where the 
nutritional deficiency was more specific, resulted in a rather 
prompt production of extensive corneal vascularization in 
8 out of 9 rats while the other methionine-deficient diets, 
where the deficiency was less specific, resulted in corneal 
vascularization in only about half of the rats. The corneal 
changes resulting with these diets were frequently less ex- 
treme and more variable in time of appearance. However, 
there were no qualitative differences in the corneal changes 
produced in the various methionine-deficient diets. It is of 
interest that complete starvation does not produce corneal 
vascularization (Bessey and Wolbach, ’39) although elimina- 
tion of all protein from an otherwise adequate diet results in 
prompt and extensive corneal vascularization (Hall, Syden- 
stricker. Hock and Bowles, ’46). 

As in rats deprived of protein ( Sydenstricker, Hall, Hock 
and Fund, ’46), the repeated administration of large doses 
of riboflavin had no observable effect on the corneal vasculari- 
zation resulting from methionine deficiency. 
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The growth of the rats on the various methionine-deficient 
diets used seemed to depend more on the age at which the 
rats were started rather than on the identity of the diet. 

None of the control rats showed any significant corneal 
changes. 

SUMMARY 

The development of corneal vascularization in rats fed a 
diet deficient in the sulfur-containing amino acids was fol- 
lowed with the hiomicroscope. Histologic studies confirmed 
these observations. Vascularization was noted first in the 
subepithelial tissue, and when pronounced, vessels appeared 
in the deeper portions. Non-canalized capillaries wore ob- 
served. A difference in the cellular components of the sub- 
stantia propria was noted and the significance of the 
endothelial-like cells as to their relation with newly formed 
capillaries is discussed. 

Degenerative changes of the epithelial cells of the cornea 
are described. 

No histologic changes in the lenses were seen. 
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PLATE 1 

EXPLANATION OP FIGURES 

(All 15 X reduced approximately one* third) 

1 through 5 Oblique views of corneas of methionine-deficient rats, which have 
been injected with India ink. These rats had been on a methionine-deficient diet 
for 116, 116, 200, 40 and 160 days, respectively, when the injection preparation was 
made, although corneal vascularization had been observed with the biomicroscope in 
these rats after 39, 99, 180, 29 and 98 days on the deficient diets. 

6 Anterior view of the injected cornea from the other eye of the rat, the 
cornea from which is shown in figure 4. 




TLATE L* 

EXl’l.AXATlON OF FirtURPS 

7 tliroujjli 9 Sections of coriu as <»f inctliioiuno-dcficioiit rats. Figure 7 shows 
intracellular odenia of the cpitliclial cells and wavy displacement of Bowman's 
membrane. Fijjure 8 shows early iiitei cellular (Kleina of the e)»ith(‘lial cells. Fig- 
nr«‘ 9 sliowa focal areas of kaiyoirhexis of the nuclear cliiomatin of the outer 
iaAers of cells, pyknosis of the nuclei of the inner layers of ctdls, and a large 
subepithelial capillary. (I'lgure 7, b(U) x ; figs. 8 and 9, 1400 x. All reduced 
a]>])roxiinately one-third). 

li>. 11 and 12 Flat preparations of corneas showing ca]>illaiy formation. (Fig- 
Ole ](>, 480 X; figs. 11 and 12, Too y. All reduced ap]H'oxnnatel,\ one-third). 
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ONE PlaUKE 

(Received for publication October J9, 1946) 


In previous studies (Haldi and Wynn, ’46a, b) it was found 
that work performance in severe exercise of short duration 
was not affected by either the amount or kind of food ingested 
several hours before exercise. Hypoglycemia with a concomi- 
tant diminution in the capacity for work, believed by some to 
be the resultant of a high carbohydrate intake (Wilder, ’43 ; 
Thorne, Quinby and Clinton, ’43) was not observed in any 
of our subjects after a meal rich in carbohydrate. The limiting 
factor of endurance for brief exhausting work, however, may 
not be the same as for heavy work that can be carried on for 
a longer time before exhaustion. This consideration sug- 
gested the advisability of the present study on work per- 
formance after different types of meals with the work load 
so adjusted that exercise could be continued for a much longer 
time than in our previous experiments. 

The subjects were 3 adult males, 2 adolescent males, and 1 
adult female, ranging in age from 14 to 37 years and in weight 
from 120 to 200 pounds. This purposeful diversification in the 

* Preliminary report: Fed. Proc., ^46; 5: 39. 

’ Acknowledgment is made to the Sugar Research Foundation for a grant-in-aid 
for conducting this investigation. 
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choice of subjects was designed to determine whether there 
were any differences in response to the 2 types of meals that 
might be related to age or sex. All the subjects were in 
splendid physical condition and accustomed to 1 form or 
another of athletic activity. 

PROCEDURE 

For a period of about 3 weeks each subject was thoroughly 
trained in riding the Prony-brake bicycle ergometer against a 
load of such magnitude that he was able to continue the 
exercise from 12 to 18 minutes before becoming completely 
exha,usted. This load, which had been determined for each 
subject by a number of trials, was maintained constant 
throughout the experiments. In the training program the 
subjects while riding the bicycle were connected with the 
metabolism apparatus through the mouthpiece and nose clip. 
The apparatus used in these experiments has been described 
elsewhere (Bachmann and Haldi, ’37). At the conclusion 
of the training period the amount of work done was fairly 
constant from day to day. Blank experiments were then run 
to familiarize the subject with the entire procedure. 

In the earliest stages of this study we were concerned over 
establishing valid criteria of complete exhaustion. It was 
soon found, however, that with the whole-hearted cooperation 
given by the subjects this matter presented no serious diflB- 
culties. Each subject continued riding until he reached a point 
where it was impossible with maximum effort to push down 
the pedal on the bicycle. The speed of riding as shown by a 
speedometer remained constant throughout the experiment. 
As the rider neared exhaustion there was observed a profuse 
perspiration over the entire body and twitching of the muscles. 
On a number of occasions the subjects experienced severe 
cramps in the calves of the legs. 

On the day of the experiment the meal prepared in the 
University cafeteria by competent dietitians was served at 
noon. Each meal supplied approximately 1050 cal. Carbohy- 
drate, protein, and fat provided, respectively, 76, 13, and 11% 
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of the total calories in the high carbohydrate meal and 13, 
37, and 50%, respectively, in the low carbohydrate meal. All 
the experiments on 1 subject were completed before beginning 
with another. Two experiments were done each week, 1 on 
each of 2 different types of meals, and were so spaced as to 
leave several days intervening. On these intervening days the 
subject rode the bicycle ergometer against the customary 
load for 10 minutes in order to keep himself in training. There 
were 6 experiments on each subject with each kind of meal, 
making a total of 72 experiments. 

One and a half to 2 hours after the meal the subject re- 
ported to the laboratory and reclined on the metabolism couch 
for 30 minutes. He was then connected to the metabolism 
apparatus and the respiratory exchange determined for 2 
10-minute periods. At the conclusion of these base-line 
periods blood samples were drawn by finger puncture for 
sugar determinations on all the subjects and also for lactic 
acid analyses on 4 of them. The subject then mounted the 
bicycle ergometer, adjusted the mouthpiece so as to expire 
into the spirometer and at a given signal started pedalling 
at the rate of 56 revolutions per minute. He continued at this 
rate until exhausted, whereupon he rolled off the bicycle 
onto the adjacent couch without being disconnected from the 
metabolism circuit. Readings on the counter of the ergometer 
Avere taken after 10 minutes riding and again at the conclu- 
sion of the exercise. The subject rested for 10 minutes in the 
recumbent position and then mounted the bicycle for the 
second time and rode again until exhausted. At the end of this 
second exercise period he reclined on the couch while deter- 
mination of the respiratory exchange was continued for 3 
10-minute recoverj’^ periods. Blood samples Avere drawn im- 
mediately after the 2 exercise periods and again at the end 
of 30 minutes of recovery. Analysis for blood sugar was 
made by the Hagedorn- Jensen procedure (Peters and Van 
Slyke, ’32) and for lactic acid by the Barker-Summerson 
method (’41). 
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RESULTS 
Work output 

The amount of work done varied from 1 subject to another 
but within a relatively narrow range for 4 of them: W.'W., 
C.D., J. and J.S. The 1 female subject accomplished only 
about 65% as much work as these 4 whereas 1 adolescent male 
did 20% more work than the other 4 males. These latter re- 
sults are of interest for here we have a youth 14 years old 
with a much greater capacity for work than was manifested 

TABLE 1 

Worh output and per cent recovery.^ 


HIGH OABBOHTDKATS KBAL I IX}W OABBOHYDRATB MEAL 


Subject Work done Recovery Work done Recovery 



First 

period 

Second 

period 

1 

First 

period 

Second 

period 



kff m 

kg m 

% 

kg m. 

kg rn 

Vr 

w.w. 

13,993 

6,933 

49.5 

13,456 

6,856 

51.0 

J.L. 

14,435 

8,076 

56.0 

13,666 

6,713 

48.9 

C.D. 

13,643 

7,096 

52.0 

13,324 

7,802 

58.6 

J.H. 

16,819 

9,590 

56.9 1 

16,374 

9,311 

56.9 

J.8. 

13,830 

7,054 

50.9 1 

13,397 

6,583 

48.9 

E.H. 

9,128 

4,892 

53.6 ; 

9,082 

5,334 

57.6 

Average 

13,641 

7,273 

53.2 ’ 

13,216 

7,100 

53.7 


*Each figure in the table is an average of 6 experiments except the final aver- 
ages which are derived from 36 experiments. 


by a robust adult (J.L.) who had engaged in professional 
football only a short time previous. The other adolescent (J.S.) 
who weighed only 130 lbs. and the adult (C.D.) weighing 120 
lbs. were able to do almost as much work as the heavier foot- 
ball player. Obviously muscle mass was not the sole factor 
determining work output. 

Inspection of the data in table 1 shows a uniformity of 
results with all the subjects on the 2 types of meals. The 
average amount of work done in the first exercise period and 
in the first and second periods combined was approximately 
3% more after the high than after the low carbohydrate meal. 
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This difference, however, was not statistically significant. 
There was likewise no significant difference in the percentage 
recovery after the 2 meals. The percentage recovery was 
determined by multiplying the work done in the second period 
by 100 and dividing the product by the work done in the first 
period. 

The double work period was the method of choice not only 
because it provides more information than the single work 
period, but also because it is held by some investigators 
(Foltz, Ivy and Barborka, ’42) that the percentage recovery is 
less variable in untrained individuals aiid consequently more 
advantageous for the study of fatigue than a single work 
period. With our subjects, however, it was found that the 
average of the coefficients of variation for the work done dur- 
ing the first exercise period was 6.0 as compared with a co- 
efficient of 1 3.7 for the percentage recovery. By this criterion 
the work done in the single period was 44% as variable as 
the percentage recovery. 

The differences in our results as compared with those of 
Foltz and others (’42) were not due to an unusually high 
coefficient in the percentage recovery which was 13.7 in our 
subjects as compared with their coefficient of 11.4 but to our 
low coefficient of 6.0 in the work output of the first period 
as against their coefficient of 13.2. While the double work 
period has the advantage of supplying more information than 
the single work period, our results indicate that generalization 
on the relative value of the two methods in the study of fatigue 
should be withheld pending further investigation. It may 
be that the explanation of the difference between our results 
and those of Foltz and his associates lies in the fact that our 
subjects were all of the athletic type and customarily took 
part in some form of athletic activity. Apparently they reached 
the peak of training in a very short time. Consideration 
should also be given to the possibility that the factors respon- 
sible for recovery from fatigue may not be identical with 
those that determine the onset of fatigue. 
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Mmcidar efficiency 

The net muscular efficiency was calculated by dividing the 
heat equivalent of the work by the difference in the amount 
of heat produced during exercise and the amount produced 
during the same length of time in the resting state before 
exercise. Heat production was determined from the respira- 
tory exchange. As shown in table 2, the net muscular efficiency 
was the same after both types of meals. These results are in 

TABLE 2 

mvftcMlar efficiency} 


SUWJECT HIGH CARBOHYDRATB MKAL LOW CARHOHYORATE MEAL 

PERIODS PBRIOD.S 



First exercise 
lOmfn. Hcma'nder 

Second ! 
exercise I 

1 

First exercise 

lOm’n. Remainder 

Second 

exercise 


% 

'Tr 

% ' 

% 


% 

w.w. 

25.7 

22.7 

25.4 

24.6 

22.6 

25.7 

J.L. 

23.2 

19.2 

21.9 

22.2 

19.6 

22.2 

C.D. 

22.3 

20.3 

22,5 

22.3 

20.2 

22.6 

J.H. 

21.3 

20.0 

20.8 . 

21.1 

19.7 

20.8 

J.S. 

23.9 

22.9 

23.6 i 

23.8 

21.3 

23.3 

E.H. 

23.2 

21.6 

23.6 

21.0 

20.5 

21.5 

Average 

23.3 

21.1 

23.0 , 

22.5 

20.7 

22.7 


'Each figure in the table is an average of 6 experimeJits except the final aver- 
ages which are derived from 36 experiments. 


agreement with those that have been reported previously 
(Haldi, Bachmann, Ensor and Wynn, ’38). During the latter 
part of the first exercise period in the experiments with both 
the high and the low carbohydrate meals it was approximately 
2% lower than in the first 10 minutes of exercise. This dif- 
ference between muscular efficiency in the earlier and later 
stages of the first exercise period was statistically significant 
from which it may be concluded that fatigue is associated with 
a lowering of muscular efficiency. In the second period, after 
a short rest, the muscular efficiency was the same as in the 
first 10 minutes of exercise. 
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Blood sugar 

In the resting state immediately before exercise the blood 
sugar level was appreciably higher after the high carbo- 
hydrate than after the low carbohydrate meal (table 3). At the 
conclusion of both the first and second exercise periods the 
blood sugar had dropped from 145 to 106 mg % in the ex- 
periments on the meal rich in carbohydrate, whereas it 
remained at practically the resting level in those with the low 
carbohydrate meal. At the end of the recovery periods the 
blood sugar concentration was the same in both sets of ex- 
periments. 

TABLE 3 

Blood sugar concentration} 


HIGH CARBOHYDRATE MEAD ' I/IW CARBOHYDRATE MEAD 


Subject 

Rest- 

ing 

End of 
first 
exercise 
period 

End of 
second 
exercise 
period 

1 

End of 
recovery ' 
period | 

t 

Rest- 

ing 

End of 
first 
exercise 
period 

End of 
second 
exercise 
period 

End of 
recovery 
period 


mg % 

mg f/o 

mg % 

mg % 

mg % 

mg % 

mg */f 

mg f'/f 

W.W. 

128 

91 

97 

121 

114 

103 

100 

118 

J.L, 

166 

116 

120 

119 , 

128 

137 

135 

125 

C.D. 

132 

100 

104 

113 1 

119 

119 

112 

119 

J.H. 

130 

107 

108 

126 i 

123 

112 

112 

118 

J.S. 

168 

112 

111 

148 1 

152 

130 

126 

134 

E.H. 

138 

112 

102 

109 

116 

119 

118 

113 

Average 

145 

106 

107 

123 

125 

120 

118 

JOO 


^ Each figure in the table is an average of 6 experiments except the final aver- 
ages which are derived from 36 experiments. 


These data may be taken to indicate that more energy was 
supplied by glucose after the large than after the smaller 
intake of carbohydrate. In the experiments with the high 
carbohydrate intake the rate of glycogenolysis during exercise 
apparently did not keep pace with the rate of glucose utiliza- 
tion resulting in a drop in blood sugar from 145 to 106 mg %. 
Glycogenolysis during recovery appears to have proceeded 
faster than glucose utilization thereby raising the blood 
sugar level to 123 mg %. After the meal of a smaller carbo- 
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hydrate content glycogenolysis and glucose utilization were 
apparently in equilibrium. 

Blood lactic acid 

The lactic acid concentrations of the blood drawn at the 
end of the rest period immediately before exercise were 
15.9 ± 5.1 and 10.0 ± 3.6 mg %, respectively, in the experi- 
ments on the high and low carbohydrate meals. The differ- 
ence of 5.9 mg % must be regarded as statistically significant 
since it was 4 times the critical ratio. Immediately after the 
first and second exercise periods the blood lactic acid level 
was appreciably above the base line and practically the same 
in the 2 sets of experiments namely, 48.0 and 44.8 as compared 
with 46.5 and 41.4 mg %. At the conclusion of the experiment 
it had returned to 4 and 6 mg %, respectively, above the base 
level in the 2 groups of experiments. 

The initial higher percentage of blood lactic acid after the 
meal rich in carbohydrate is believed to be due to the avail- 
ability of a greater amount of glucose and fructose to the 
organism than after the low carbohydrate meal. It has been 
shown that the ingestion of both glucose and fructose lead 
to an increase in blood lactic acid concentration (Bachmann 
and Haldi, ’37; Edwards, Bensley, Dill and Carpenter, ’44). 

Respiratory quotient 

After the low carbohydrate meal the average respiratory 
quotient in the resting state was 0.79 (fig. 1). During the first 
10 minutes of the first exercise period it rose to 0.97 and 
went slightly higher during the last few minutes of exercise. 
In the second exercise period the quotient was somewhat 
lower, at 0.91. These results are taken .to indicate that the 
major portion of the energy of exercise was derived from 
carbohydrate but to a lesser degree in the second than in the 
first period. This may reasonably be assumed to be due to a 
reduction of the carbohydrate reserves in the first exercise 
period. 
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After the meal rich in carbohydrate the base line of the 
respiratory quotient was considerably higher than after the 
low carbohydrate meal. During the exercise and recovery 
periods the quotient was also at a higher level than in the 
experiments with the low carbohydrate meal. In the first 
exercise period it rose slightly above unity. Quotients of this 
magnitude during exercise have been reported by other in- 
vestigators (Carpenter and Fox, ’31). In the second 10-minute 



Pig. 1 The respiratory quotient during rest, exercise, and recovery after a 
high and a low carbohydrate meal. The 2 exercise periods in the graph are 
approximate averages of the length of time the subjects were able to ride the 
bicycle until exhausted. , 


period after the final exercise period the quotient descended 
rapidly to a level slightly below the base line and remained 
at this level during the last 10-minute period of the experi- 
ment. A similar drop in the quotient occurred in the experi- 
ments with a low carbohydrate meal. 

From these observations and those on blood sugar it may 
be concluded that as a result of a larger intake of carbo- 
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hydrate there was more energy supplied by this food material 
both at rest and during exercise. 

In both sets of experiments there was a marked rise in the 
respiratory quotient immediately after exercise which in some 
instances exceeded unity. This phenomenon has been ob- 
served in previous experiments of a similar nature in our 
laboratories (Haldi and Bachmann, ’37). Analysis of the data 
of the former experiments led the authors to suggest that the 
high quotients might have been due to an acceleration of the 
transformation of glucose into fat by exercise which per- 
sisted a few minutes after exercise. This explanation, how- 
ever, we wish to regard as only tentative until various etiolog- 
ical possibilities can be explored by further experimentation. 

General observafionft 

The relative work output, percentage recovery, blood sugar 
and muscular efficiency, after the 2 types of meals, as shown 
in tables 1-3, were the same regardless of age or sex. 

DISCUSSION 

In the treatment of the clinical syndrome of functional 
hjT)oglycemia a reduction in the carbohydrate intake has been 
found in a number of instances to give good results (Conn, 
’40). It is probably on the basis of such observations that 
some have been led to believe that relatively high carbohy- 
drate meals predispose normal individuals to hypoglycemia 
with a concomitant feeling of weakness and a diminution in the 
capacity for work. The present experiments on normal 
healthy adolescents and adults do not support this point of 
view. Several hours after the ingestion of a high carbohy- 
drate meal there was no evidence of hypoglycemia either be- 
fore or immediately after severe exhausting exercise. Work 
output, percentage recovery, and muscular efficiency were not 
diminished by the relatively large carbohydrate intake. These 
observations afford confirmatory evidence for the conclusion 
drawn from previous studies (Haldi and Wynn, ’46a) that 
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the hjT)oglycemic syndrome of functional origin is a patho- 
logical condition and not a normal physiological response to an 
antecedent high carbohydrate intake. 

We are unable, at present, to account for the apparent dis- 
crepancy between our observations and those of D’Angelo 
( ’46) who found that the ingestion of 70 or 150 gm of dextrose 
induced the development of “hypoglycemic” reactions in 5 out 
of 6 subjects approximately 50% of the total number of times 
tested. These reactions usually occurred 3 to 5 hours after 
ingestion of the sugar with approximately equal frequency at 
either ground level or altitude. “The seizures were char- 
acterized by subjective sensations of nervousness, impending 
danger, paresthesia, weakness and hunger, and objective man- 
ifestations of pallor, sweating, tremulousness, coldness of the 
extremities and a tendency in some toward a drop in oral 
temperature. ” It is of interest to note, however, that in most 
instances the blood sugar level was within the normal range at 
the time of the so-called hypoglycemic reaction. 

None of our subjects manifested any of these symptoms. 
They all reported that they could observe no difference on the 
2 types of meals in their subjective state or in their general 
physical condition at any time during the experiments. At the 
conclusion of each experiment they experienced a sense of 
weakness in the legs and knees but this soon wore off so that 
they were able to proceed in their usual activities without 
discomfort. One of them (J.H.) invariably went from the 
laboratory to the gymnasium where he engaged in an hour’s 
practice in basket ball. 


CONCLUSIONS 

Work output, muscular efficiency, and percentage recovery 
(measured by a comparison of the work performance in the 
first and second exercise periods) were not diminished by a 
high carbohydrate intake 2 to 3 hours before exercise. 

After the meal rich in carbohydrate the blood sugar level 
immediately before exercise was higher than at the corre- 
sponding time after the low carbohydrate meal. 



298 


JOHN HAU>I AND WINFBBY WYNN 


The data on the blood sugar levels and the respiratory 
quotient are interpreted as indicating that a greater portion 
of the energy of exercise was derived from carbohydrate in the 
experiments with a high carbohydrate meal than after the 
low carbohydrate intake. 

There were no age or sex differences in the comparative 
work performance on the 2 types of meals. 

At no time throughout the experiments was there any 
evidence of the so-called hypoglycemic reaction to the high 
carbohydrate meal. 

The data of these experiments are offered as confirmatory 
evidence for the conclusion drawn from other observations 
that a hypoglycemic reaction is not the usual physiological 
response to a high carbohydrate meal. 
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IMPROVING THE NUTRITIVE VALUE OF FLOUR 


X. THE EFFECT OF SUPPLEMENTING ENRICHED FLOUR 
WITH OTHER B-COMPLEX VITAMINS ^ 

HEULAH U. WE8TEEMAN AND GERTRUDE HALL 
Dvpartmeni of Food Economics and Nutritionf Kansas Agricultural 
Experiment Station, Kansas State College, Manhattan 

FOUR FIGURES 

(Received for publication August 26, 1946) 


There is a great demand for cereal products by much of 
the world’s population. A large proportion of the food 
calories of many people is contributed by bread and cereals. 
Sticbling, Monroe, Coons, Phipard and Clark (’41) found 
that grain products furnished 25% of the total calories in the 
diets of farm families in the northern and western parts of 
the United States and 38% in the southeastern part. Data 
collected from government publications by Cummings (’40) 
showed that bread, flour and cereals provided 19% of the 
calories in the diets of families of professional men, 27 % in 
well-to-do farm families and 54% in poor farm families in 
the southern states. Holman (’46) summarized the situation 
by stating that the proportion of cereals, in diets commonly 
used, varies from less than 30% of the total in the British 
and North American diets to 80-90% in the oriental diets. 

In recent years, investigations regarding flour and bread 
have been stimulated by the demand for improvement in the 
nutritive value of these products. Bread and cereals are 
important sources of carbohydrates and protein. The proper 

^ Contribution no. 134 of the Department of Homo Economics, Kansas Agri- 
cultural Experiment Station, Manhattan. 
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oxidation of the carbohydrates in animal metabolism is de- 
pendent upon the presence of a definite quantity of the 
B-complex vitamins in the diet. Because of this fact it was 
considered advisable to continue the work on improving the 
nutritive value of flour by the addition of B-complex vitamins. 
The literature was reviewed in a previous paper by Wester- 
man and Bayfield (’45). The present paper presents further 
information regarding this problem. The agents which have 
been chosen for study are calcium pantothenate, pyridoxine, 
choline, and the addition of greater quantities of riboflavin 
and thiamine. At a time when good food sources of the 
B-complex vitanains such as meat and milk are apt to be low 
or lacking in the diets of many people, it seems logical that 
the addition of synthetic vitamins to flour may be a method 
of taking care of this deficiency. 

EXPEBIMENTAL PEOCEDUBE AND EE8ULT8 

The experimental procedure followed that described in the 
paper by Westerman and Bayfield (’45). Young albino rats 
weighing between 40-50 gm were used in the 4 experiments 
reported here. Table 1 gives the detailed composition of 
the diets. 

First experiment: four and wheat as 50% of the diet 

In the first experiment the flour and wheat were fed at a 
level of 50% in the diet and replaced an equivalent amount of 
sucrose. The 50% level was chosen because before the war 
people in many European countries and certain low income 
groups in the United States consumed diets containing that 
much or more of cereal foods. The flour was milled from the 
same lot of wheat that was used in the test. Thiamine, ribo- 
flavin and calcium pantothenate assays on the wheat showed 
4.1, 1.1 and 7.7 ng per gm, respectively. The pyridoxine con- 
tent was not determined but Swaminathan (’40) reported 
7 Mg pyridoxine per gm in wheat and Tepley, Strong and 
Elvehjem (’42) reported a 50% loss in the milling process. 
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The rats ate on the average 6 gm of food daily. Since the 
diet was 50% Avheat or flour they consumed approximately 
3gm of these each day. Therefore, the wheat in the diet 
supplied 12.3 jjg of thiamine, 3.2 pg of riboflavin, 23.1 pg 
calcium pantothenate, and perhaps 21 pg of pyridoxine daily. 
The flour assayed 4.7, 3.1 and 2.6 pg for thiamine, riboflavin 
and calcium pantothenate, respectively, and supplied the ani- 
mals with 14.1 pg thiamine, 9.4 pg riboflavin, 7.7 pg calcium 
pantothenate and perhaps 10.5 pg pyridoxine daily. Diets IV 
and V had 10.3 pg of calcium pantothenate added per gm of 
flour thereby bringing the total daily intake of calcium panto- 
thenate up to 38.6 pg. Diet V had 3.5 pg of pyridoxine per 
gm added to the flour making the probable daily intake of 
pyridoxine 21 pg. 

After the animals w’ere placed on the test materials, they 
were weighed every 6 days. The growth test was conducted 
over a period of 72 days. The average weight gains of each 
group are shown in flgure 1. 

Those animals on the B-complex free diet lost weight 
rapidly and died in about 18 days. Those on ground whole 
wheat gained on the average 27 gm during the 72-day test, 
while those on enriched flour gained an average of 30 gm. The 
animals on enriched flour to which calcium pantothenate was 
added made an average gain of 44 gm during the test while 
those with both calcium pantothenate and pyridoxine added 
showed an average gain of 101 gm. The animals on the stock 
diet made an average gain of 190 gm during the test. 

When 10.3 pg calcium pantothenate per gm were added to 
the enriched flour, the increase in growth was above that of 
the groups on enriched flour or whole wheat. This seems to 
indicate that more calcium pantothenate was needed for 
growth than that furnished by the enriched flour or the whole 
wheat. When both 10.3 pg calcium pantothenate and 3.5 pg 
pyridoxine per gm were added, much better growth was noted, 
apparently showing a need for both of these vitamins. How- 
ever, with the vitamins added at the levels indicated, growth 
was not as good as that of the animals on the stock diet. It 



TABLE X 

Composition of the diets. 

The basal vitamin B-complex free diet consisted of ^0% vitamin free casein, 
€0% sucrose, 1S% fat, 6% salt mixture and S% cod liver oil. In experiment I the 
flour and wheat were fed at a 50% level in the diet and replaced an equivalent 
amount of sucrose. In experiments II, III, and IV 40% of the diet was enriched 
flour with the B vitamins added to the flour as indicated below. 


DIET 

KO. 


KXPBKIMSKT I 

Ohanfires in 
diet 


EXPERIMENT IT 

Changes in 
diet 


EXPERIMENT III EXPERIMENT IV 

Changes in Changes in 

diet diet 


I Basal diet 

II 50% enriched 
dour 

III 50% ground 
whole wheat 


40% enriched 
flour 

Added pyri- 
doxine (3.5 

Mg/gm) 
Added pyri- 
doxine (7 
fig/gm) 


IV Enriched 

flour 4- Ca 
pantothen- 
ate (10.3 
i“g/gm) 

V Added Ca 
pantothen- 
ate (10.3 
M'g/gm) ; 
and pyri- 
doxine (3.5 

Mg/gm) 

VI Stock diet 


VII 


VIII 


Added Ca 
pantothenate 
(10.3 ug/gm) 


Added Ca 
pantothenate 
(20.5 Mg/gm) 


Added pyri- 
doxine (3.6 
Mg/gm) ; and 
Ca panto- 
thenate (10.3 
Mg/gm) 
Added pyri- 
doxine (7 
Atg/gm) ; and 
Ca panto- 
thenate (20.5 

A^g/gm) 

Stock diet 


IX 


40% enriched 
flour 

Added pyri- 
doxine (3.5 

Ag/gm) 

Added pyri- 
doxine (7 
Mg/gm) 

Added Ca 
pantothenate 
(10.3 Atg/gm) 


Added Ca 
pantothenate 
(20.5 fig/gm) 


Added pyri- 
doxine (3.5 

M-g/gm) ; 

and Ca 
pantothenate 
(10.3 fig/gm) 
Added pyri- 
doxine (7 
fig/gm) ; and 
Ca panto- 
thenate (20.5 
fig/gm) 


40% enriched 
flour 

Added riboflavin 
(1 fig/gm) 

Added riboflavin 
(1 Mg/gm) ; and 
thiamine (1 
fig/gm) 

Added pyridoxine 
(14 fig/gm) 


Added choline 
(3 mg/gm) ; 
and pyridoxine 
(7 fig/gm) 


Added pyridoxine 
(14 fig/gm); 
and Ca panto- 
thenate (40 
fig/gm) 

Added Ca panto 
thenate (40 
fig/gm) 


Added choline 
(3 mg/gm); 
and Ca panto- 
thenate (20 
fig/gm) 

Added pyridoxine 
(14 fig/gm) ; 

Ca pantothenate 
(40 fig/gm); 
and choline (8 
J»g/gi») 
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appears that other factors are involved, perhaps a need for 
greater quantities of the B-complex vitamins already added 
or other members of the B-complex group. 

At the end of 72 days, the males and the females on the 
same diet were placed together for breeding purposes. The 
animals on the stock diet produced normal litters. Of those 
on the experimental diets, only the animals with calcium 
pantothenate and pyridoxine added to the flour produced any 
young. Only half of the females on this diet had young, and 
these died before maturity. 



Fig. 1 Growth curves of animals in Experiment I. 
Fig. 2 Growth curves of animals in Experiment II. 


Second experiment: effect of increasing calcium 
pantothenate and pyridoxine, with flour as 
40 % of the diet 

In an attempt to obtain better growth and reproduction 
in the animals, a second experiment was conducted to deter- 
mine the effect of increasing the quantities of calcium panto- 
thenate and pyridoxine. The amount of flour used in the diet 
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was 40%. This change was made because it was thought that 
the American people might consume cereals at a 40% level 
in the diet but it was doubtful that the 50% level would be 
reached by a large percentage of the population. The flour 
was a good grade of enriched flour purchased from the grocer. 
Analyses showed that it contained 5.8 ng per gm of thiamine, 
2.6 ng per gm of riboflavin and 2.0 Mg per gm of calcium 
pantothenate. 

There were 8 groups of animals. The composition of the 
diets is given in table 1. The test covered a 72-day period 
with, the results as shown in figure 2. 

On the average, the animals did not gain as much as those 
in the previous test with the same enriching materials. This 
may partially be explained by the change from 50 to 40% in 
the quantity of flour in the diet. Since the flour carried the 
B-complex vitamins, the quantities of these were therefore 
decreased. 

The growth curves (fig. 2) show that the animals on the 
enriched flour, diet I, made the least gains. They gained 
13 gm during the 72-day test period. Those animals on diet VI 
with 3.5 Mg pyridoxine and 10.3 Mg calcium pantothenate per 
gm added to the enriched flour grew rather rapidly for the 
first 24 days of the test, then barely maintained their weight 
until the sixtieth day when they started to gain again, but 
their total gain was only 14 gm during the test. The animals 
on diets II, III, IV and V made approximately the same gains 
throughout the test. Those on diet II, with 3.5 Mg additional 
pyridoxine per gm of flour, showed greater gains during the 
last 12 days on the test, but as 4 of these animals died, it may 
be that the stronger ones survived, thus accounting for the 
greater gain. The rats on diet VII, with 7 Mg pyridoxine and 
20.5 Mg calcium pantothenate added per gm of flour, showed 
better average gains throughout the test, with a total average 
gain of 27 gm. 

Increasing the amount of pyridoxine alone did not increase 
the growth rate. The animals on 3.5 Mg pyridoxine made an 
average gain of 24 gm, while those on 7 Mg pyridoxine per gm 
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made an average gain of 23 gm. Increasing the calcium panto- 
thenate did not increase growth. Animals on 10.3 ng per gm 
gained on the average 22 gm and those on 20.5 ng per gm 
gained 19 gm. When both the pyridoxine and calcium panto- 
thenate were increased, there was an increase in weight of 
13 gm over the animals receiving 3.5 Mg pyridoxine and 10.3 Mg 
calcium pantothenate per gm of flour. 

The animals on this test were mated for breeding purposes, 
but no young were born. Then the females were placed with 
normal males but kept on the same experimental diets. Those 
on enriched flour alone did not reproduce, those with 3.5 Mg 
pyridoxine per .gm added to the flour produced litters, hut 
all the young died or were eaten by the mother within 2 days 
after birth. The females receiving the 7 Mg pyridoxine per 
gm of flour did not reproduce ; this observation was unexpected 
and is unexplainable. The females on the diet with flour plus 
calcium pantothenate alone did not produce young while those 
with flour plus both pyridoxine and calcium pantothenate 
produced young; however, all the young died within 7 days. 

Third experiment : repetition of second experiment 
with longer feeding period 

In the third experiment (fig. 3), 8 animals were used in 
each series and the diets -contained 40% enriched ^ur in 
which the added vitamins were incx)rporated. This test was a 
partial repetition of the second experiment, but was continued 
for 90 days. On the average, the animals on this test made 
better gains than in the previous test. The greatest gains 
(average 73 gm) were made by the animals on diet VII, which 
had 7 Mg pyridoxine and 20.5 Mg calcium pantothenate per 
gm added to the flour. These were followed by the animals on 
diet VI, with 3.5 Mg pyridoxine and 10.3 Mg calcium pantothe- 
nate per gm, and also those on diet III, with 7 Mg of added pyri- 
doxine with average gains of 56 and 57 gm, respectively. How- 
ever the curves show that the animals on diet ITT always gained 
less than those on diet VI. There was only a slight ditference 
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in the average weight gain of 47 gm by the group on diet V 
with 20.5 ng calcium pantothenate and the 45 gm average 
weight gain by those animals on diet II with 3.5 Mg pyridoxine, 
while those on diet IV with 10.3 pg oalcium pantothenate per 
gm made an average weight gain of 42 gm. The animals on 
enriched flour alone made the least average gain, 38 gm, dur- 
ing the test. 



Fig, 3 Growth curves of rats in Experiment III. 
Fig. 4 Growth curves of rats in Experiment TV. 


Over the 90-day period, it seems that increasing both the 
pyridoxine and calcium pantothenate had a beneficial result. 
Increasing the calcium pantothenate alone had some bene- 
ficial results while increasing the pyridoxine alone seemed 
to exert a greater stimulus on growth than did calcium panto- 
thenate. 

Fourth experiment : effect of increasing riboflavin 
and thiamine as well ns calcium pantothenate, 
pyridoxine, and of adding choline 

In the fourth experiment, it was decided to test the effect 
of increasing the amounts .of riboflavin and thiamine in the 
flour each by 1 pg per gm of flour, and also to test both the 
effect of adding much larger amounts of calcium pantothenate 
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and pyridoxine and that of adding choline. Table 1 shows the 
composition of the diets. The test covered a period of 78 days. 

The animals on enriched flour alone made the least gain. 
Their average weight gain during the test was 16 gm. The 
addition of riboflavin increased the gain to 26 gm, while the 
addition of both riboflavin and thiamine caused a gain of 
39 gm. This was a slightly greater gain than was made by the 
animals with pyridoxine added or pyridoxine and choline, 
which made gains of 22 and 27 gm, respectively. The animals 
with pyridoxine, calcium pantothenate, and choline made ap- 
proximately the same gain, 43 gm, as those on 40 gg calcium 
pantothenate per gm which gained 41 gm. The rats receiving 
14 gg pyridoxine and 40 gg calcium pantothenate per gm 
gained 50 gm. This was not as much of a gain as was exhibited 
by the rats that received choline and 20 gg calcium panto- 
thenate per gm of flour, which made an average gain of 58 gm. 
The effect of the addition of choline to the enriched flour 
appeared to be slight, but this might have been expected since 
the diet contained 20% casein. In all probability the methio- 
nine in the casein provided sufficient methyl groups for the 
formation of choline. 


UISCUSSION 

Flour enriched at the levels recommended by the National 
Research Council with thiamine, riboflavin and nicotinic acid, 
when used as the sole source of the B-complex vitamins does 
not supply enough of these vitamins to support normal gp'owtli 
in rats when fed at a level of 40 or 50% in the diet. While flour 
and bread are not necessarily expected to supply all the B- 
complex vitamins in the diet, it might be well to have more 
of these vitamins supplied by the cereal foods inasmuch as 
cereals make up a major portion of the food intake of so many 
people in the world. There is the added factor of a lack of 
adequate supply of many of the foods which carry the B- 
complex vitamins, particularly meat and milk. When milk is 
available it is used in the making of bread, thereby adding not 
only thiamine, riboflavin and nicotinic acid but other B vita- 
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mins. At present it may be questioned whether there is 
enough milk available for this purpose in the United States ; 
it is certainly not in the rest of the world. 

In a report by Milan and Bell ( ’46) regarding the nutrients 
in the diets of a North Carolina village population it is stated 
that pork and milk contributed, respectively, 14.3% and 
11.4% of the thiamine in the adult diets while enriched bread 
contributed 16.7% of the thiamine and dried peas and beans 
furnished 19.6%; As sources of riboflavin in these diets milk 
ranked first, contributing 42.2% and eggs second with 11.2%. 
Enriched bread contributed only .').2% of the riboflavin in the 
total diet. 

There is the possibility that enriched bread might contribute 
more riboflavin to the diet. In our exijeriments it was found 
that the addition of even a small quantity of riboflavin to the 
enriched flour increased the rate of growth while the addition 
of both riboflavin and thiamine gave a still greater gi'owth 
increase. In all the experiments the addition of pyridoxine or 
calcium pantothenate alone increased the growth rate but 
when they were added together still better growth was 
obtained. 

Supplee, Bender and Kahlenberg (’42) found that 20 Mg of 
calcium pantothenate per day were adequate for normal rat 
growth. In our experiments the animals ate each day, on 
the average, 6 gm of food which contained 2.4 gm of flour. The 
flour with 10.3 Mg added calcium pantothenate per gm in- 
creased the calcium pantothenate in the diet by 24.7 Mg’. Ac- 
cording to Supplee et al. (’42), this was an ample amount of 
the vitamin. Our data appear to confirm this since increasing 
the calcium pantothenate in the flour above 10.3 Mg per gm did 
not result in a corresponding weight increase (figs. 2 and 3). 

The addition of pyridoxine and calcium pantothenate to 
enriched flour under the conditions of these experiments ap- 
pears to have a beneficial effect on the growth rate of the 
rat. Increasing the added pyridoxine from 3.5 Mg per gm to 
7 Mg per gm in the flour produced increased growth (fig. 3). 
When both calcium pantothenate and pyridoxine were in- 
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creased from 10.3 pg per gm to 20.5 pg per gm and from 3.5 pg 
per gm to 7 pg, respectively, there was an increased growth 
as shown in figures 2 and 3. Lepkovsky and Nielson (’42) 
repoi’ted a relationship of pyridoxine to tryptophane 
metabolism in rats. They suggest that normal tryptophane 
metabolism is regulated by pyridoxine. That pyridoxine is 
necessary for the formation of the coenzyme which functions 
in the tyrosine decarboxylation reaction of certain bacteria 
has been shown by Gunsalus, Bellamy and Umbriet (’44). 
Follis and Wintrobe ( ’45) find that a deficiency of pyridoxine 
and pantothenic acid in the diet of swine resulted in degenera- 
tion of the sensory neurons. While it has not been definitely 
proven that pyridoxine and pantothenic acid are essential in 
the diet of humans, experiments on other animals indicate that 
these vitamins have a function in animal metabolism. 

Sure (’41) noted abnormalities in reproduction when 
calcium pantothenate was lacking in the diet. Nelson and 
Evans (’46) found that a deficiency of pantothenic acid in 
the diet on or before the day of mating always resulted in 
failure to reproduce or in abnormal young. The results re- 
ported in the present paper are in line with those of these 
investigators since offspring were obtained only from the 
mothers who received calcium pantothenate in the diet and 
the litters were defective and did not mature. 

The quantities of pyridoxine and calcium pantothenate 
along with the other B-complex vitamins to be added to en- 
riched flour in order to produce normal growth and normal 
young require further study and this work is being continued. 

SUMMARY 

Evidence has been presented to show that the supplementing 
of enriched flour with certain B-complex vitamins improves 
the nutritive value of the flour. Under the conditions of the 
experiments the addition of 1 pg of riboflavin per gm of en- 
riched flour produced an increase in the growth rate of the 
animals. The addition of 1 pg of riboflavin and 1 pg of thia- 
mine to the enriched flour stimulated even greater growth of 
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the rats. The addition to 10.3 Mg calcium pantothenate and 
3.5 Mg pyridoxine per gm of enriched flour was beneficial, but 
a still greater increase in growth resulted when 20.5 Mg 
calcium pantothenate and 7 Mg pyridoxine per gm were added 
to the enriched flour. 
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AMINO ACIDS EEQUIEED TO SUPPLEMENT 
LINSEED PEOTEIN FOE CHICK GEOWTH 


F. H. KEATZEE, DELBEET WILLIAMS AND ELIZABETH F. BAKEB 
Division of PovXtry Husbandly, University of California, Davis 

(Rpcoived for publication October 28, 1946) 

Linseed meal has been shown to be detrimental to growing 
chicks when it is fed at levels of 4.5% or more of the ration 
(Bethke et ah, ’28 ; Ackerson et ah, ’38 ; Sherwood and Couch, 
’40; Slinger et ah, ’43; Hammond, ’44; Heuser and Norris, 
’44; Heuser et ah, ’46). Since its nutritional value may be 
increased by a simple water treatment (Kratzer, ’46 ; McGinnis 
and Polis, ’46), apparently the detrimental action of linseed 
meal depends upon a toxic substance, not upon a serious 
amino acid deficiency in the protein. By using water-treated 
linseed meal as the sole source of protein in a chick ration, 
one can determine the adequacy of the protein in meeting the 
amino acid requirement of chicks without the interference of 
the toxic factor. 


EXPEEIMENTAL PBOCEDUEE 

Commercial linseed meal was treated with water for 24 
hours and dried according to the procedure outlined pre- 
viously (Kratzer, ’46). The composition of the basal diet 
in which the treated linseed meal was fed is given in table 1. 
The crude protein content of the diet was not determined 
for the first experiment, but in the second and third experi- 
ments the rations were found to contain 18.5 and 20.3%, 
respectively. 
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Day-old S. C. White Leghorn chicks were fed a practical 
starting ration for 11 days. At the end of this period they 
were divided into comparable groups of 8 chicks each and were 
fed the experimental rations ad libitum. They were housed 
in electrically heated batteries with wire floors. The trials 
were continued for 9, 8, and 7 days, respectively, in successive 

TABLE 1 

Minerals and vitamins contained in the basal diet. 
basal mixture 

Treated linseed meal: 

Trials 1 and 2 58 gm 

Trial 3 . .. . . . 61 gm 

Minerals, vitamins and other 
organic supplements ... as indicated below 


Glucose : to bring the total up to 1 00 gm 


MINERAL 

SUPPLEMENTS 

gm 

VITAMINS AND OTHER ORGANIC 
SUPPLEMENTS 

gm 

Calcium gluconate 

5.0 

Soybean oil 

3.0 

Tricalcium phosphate 

2.0 

Fish oil (3000 A-400 D) 

0.5 

Dicalcium phosphate 

1.5 

Choline chloride 

0.2 

Sodium chloride 

1.0 

Cholic acid 

0.1 

Dipotassium phosphate 

0.5 

Inositol 

0.1 

Magnesium sulfate 

0.3 

Niacin 

0.01 

Potassium chloride 

0.3 

dl-alpha tocopherol acetato 

0.001 

Sodium silicate 

0.2 

Calcium pantothenate 

0.001 

Manganese sulfate 

0.03 

2-methyM, 4-naphthoquinone 

0.001 

Ferric oxide 

0.02 

Riboflavin 

0.0005 

Aluminum sulfate 

0.025 

Thiamine 

0.0005 

Copper sulfate 

0,005 

Pyridoxine 

0.0004 

Zinc sulfate 

0.005 

Folic acid 

0.0001 

Cobalt acetate 

Potassium iodide 

0.002 

0.001 

Biotin 

0.00001 


experiments. With the exception of 1 chick which had been 
fed the basal ration with no amino acid supplements in the 
third experiment, there was no mortality!. One control group 
fed stock mash was included in each experiment. 

Amino acids were added to the basal ration as indicated in 
table 2. Those used were commercial preparations in the 
following forms: 1 (+) -arginine monohydrochloride, 1(— )- 
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cystine, l( + )-lysine monohydrochloride, dl-metliionine, and 
dl-tryptophane. 

The growth data were calculated as per cent gain per day 
according to the following formula : 


total gain X 100 

average body weight X number of days 


= per cent gain per day 


This criterion permits a better comparison of data from dif- 
ferent experiments than is possible by the use of average 
gains. 


TABLE 2 


Growth of chicks fed a hasal ration containing linseed protein supplemented with 

various amino acids. 


SUPPIiEMKNT 

lkvbij in 

PBB. OKNT 

OP EATION 

GAIN BODY WEIGHT ( ' r GAIN PER DAT) 

Experiment 1 

Experiment 2 

Experiment 3 

None 


5.1 

5.1 

4.9 

Arginine 

0.2 

5.1 

5.5 


Lysine 

0.2 

6.5 



Lysine 

0.4 


7.0 

7.1 

Lysine 

0.5 

6.9 



Methionine 

0.2 

5.1 

5.0 


Cystine 

0.162 

5.6 

5..5 


Tryptophane 

0.1 

5.6 

5.?» 


Glycine 

0.5 

5.9 

5.4 


Lysine 

0.5 




Methionine 

0.2 

7.2 



Lysine 

0.4 




Methionine 

0.2 


7.0 

7.1 

Lysine 

0.5 




Cystine 

0.162 

6.7 



Lysine 

0.4 




Glycine 

0.5 



7.4 

Lysine 

0.4 




Methionine 

0.2 


8..H 

7.2 

Glycine 

0.5 




Arginine 

0.2 




Lysine 

0.4* 




Methionine 

0.2 

7.2 

8.3 


Cystine 

0.162 




Tryptophane 

0.2 




Glycine 

0.5 




Stock Mash 


7.4 

8..3 

6.8 


* Lysine fed at 0.5% in experiment 1. 
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RESULTS AND DISCUSSION 

As table 2 shows, in the first experiment lysine produced a 
marked growth response, while the addition of the other amino 
acids did not give any appreciable increase in the growth rate. 
The combination of lysine and methionine was slightly better 
than lysine alone and was as satisfactory as the combination 
of the 6 amino acids tested. Since 0.5% lysine caused an in- 
crease in growth above 0.2% lysine, evidently the lower level 
does not adequately supplement linseed protein. 

In the second experiment, lysine again proved to be the only 
amino acid to cause an appreciable increase in growth rate. 
The addition of glycine to the ration containing lysine and 
methjonine, however, caused growth to increase from 7.0% 
gain per day to 8.3%. Since the crude protein- of the diet used 
in this experiment was suboptimal, conceivably the addition 
of even a dispensable amino acid might stimulate a growth 
increase. 

With the crude protein level raised to 20.3% in the third 
experiment, lysine supplementation resulted in a growth rate 
of 7.1% per day, whereas the combination of lysine, methio- 
nine, and glycine caused a growth rate of 7.2% per day. 
Methionine added to the ration containing lysine alone caused 
no increase in growth ; and when it was added to the ration 
containing both lysine and glycine, there was a reduction of 
0.2% per day. When glycine was added to a ration containing 
lysine, growth was increased by 0.3% per day; and when 
glycine was added to a ration containing lysine and methio- 
nine, the increase was 0.1% per day. For the chick, therefore, 
linseed protein is apparently adequate in methionine. Glycine 
is probably adequate, although slight gains of doubtful sig- 
nificance were observed after its addition. Lysine constitutes 
the principal amino acid deficiency in linseed protein. 

Block and Bolling (’45) have found that linseed protein 
contains the following percentages of amino acids : arginine, 
6.2; lysine, 2.5; methionine, 3.0; cystine, 1.9; and tryptophane, 
1.9. For a protein to be complete for the chick with respect 
to these amino acids (Almquist, ’42; Grau and Almquist, ’43, 
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’44), it should contain arginine, 4.5% ; lysine, 4.5% ; methio- 
nine, 2.5% ; cystine, 1.5% ; and tryptophane, 1,0%. According 
to these values, lysine is the only amino acid in which one 
would expect linseed protein to be deficient for producing 
rapid growth of the chick. 

Since linseed meal supplied all the protein in these tests, 
rather than protein that is merely supplementary to the cereal 
proteins of a practical ration, the level of linseed meal was 
greater than would ever be used in a practical ration. In 
every experiment, a diet containing linseed protein properly 
supplemented with amino acids produced as good growth as 
a practical chick starting ration. Thus the water treatment 
applied to the meal seems to have been entirely etfeetive 
in destroying the growth inhibitor, and the principal limita- 
tion in the practical use of linseed protein lies in its lysine 
deficiency. 

StJMMABY 

1, Linseed meal treated with water to destroy its toxic 
principle was fed to chicks as the sole source of protein. 

2. Lysine is the principal amino acid deficiency in linseed 
protein. 
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AN INBORN CHARAC.'TERISTIC DETERMINING THE 
RESPONSE OF CHICKENS TO A DIET 
FREE OF ANIMAL PROTEIN 

n. R. BIRD, MAX RUBIN AND A. C. GROSC'HKE 
Bureau of Animal Industry, Agricultural Bescarch Center^ Bcltsvillc, Maryland 

TWO FIGURES 

(Received for publication September 23, 1940) 

It was reported by Rubin and Bird (’46) that the feeding 
of concentrates prepared from cow manure stimulated the 
growth of chicks whose basal diet consisted largely of corn 
and soybean oil meal. The assaying of such concentrates was 
greatly facilitated by using the progeny of hens fed a similar 
deficient diet, since hens whose diets contained the growth- 
stimulating factor readily transmitted it to their chicks. 

Further investigation has revealed that the response of 
chicks to the diet being studied is influenced not only by the 
diet of their dams but also by some unknown characteristic of 
the dams which is highly variable among the population 
studied. This variability is manifested in hatchability of eggs 
and in viability and growth of progeny. The present report is 
concerned with this variability which is of theoretical in- 
terest for its own sake and of practical interest because of its 
undesirable effect on the study of diets and dietary sup- 
plements. 

METHODS AND RESULTS 

Variation in response of hens to a diet inadequate 
from the standpoint of hafchahility 

The experimental diets used both in growth and in hatch- 
ability studies are summarized in table 1. They are identical 
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with the diets used in previously reported experiments (Bubin 
and Bird, ’46; Bird et al.,' ’46). 

The hens were yearling crossbreds (Rhode Island Red X 
Barred Rock) and were mated to New Hampshire males. Just 
prior to the initiation of these studies they had been used in a 
hatchability experiment of approximately 10 months’ duration 
and had been fed the basal diet or a slightly modified diet 

TABLE 1 


Composition of diets. 



GROWTH STUDIES 

HATCHABILITY STUDIES 

INUBSDIENTS 

Basal mixture 

Basal mixture 

Positive 

control 


% 

% 

% 

Ground yellow corn 

38 

57 

78.3 

Ground barley 

20 



Alfalfa meal 

3 

5 

5 

Soybean meal 

35 

30 


Sardine meal 



10 

Butyl fermentation solubles 




(250 Mg riboflavin/gm) 

0.6 

0.5 

0.5 

Limestone flour 

1.0 

2.3 

2.0 

Steamed bonemeal 

1.5 

4.2 

3.2 

Salt (96% NaCl, 4% Mn SO 4 ) 

0.7 



Salt (94% NaCl, 6 % Mn SO 4 ) 


0.5 

0.5 

Iodized salt 


0.2 

0.2 

Vitamin A and P oil ^ 

0.2 

0.3 

0.3 

Total 

100.0 

100.0 

100.0 


Added to the above 

Choline chloride 0.05 

Nicotinic acid hydrochloride 0.001 


* 2000 XJ.S.P. units of vitamin A and 400 A.O.A.C. units of vitamin D per gm. 


similar in its effect on hatchability (Bird et al., ’46). Some of 
the data accumulated in that experiment were used in the 
present investigation. 

Individual hatchability records were calculated for 183 hens 
which had been housed in laying houses and fed the basal diet 
or a modification similar in its effect on hatchability. Indi- 
vidual records covering a period of 6 months were also calcu- 
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lated for 67 hens of the same breeding kept in laying cages on 
wire screen floors and fed the basal diet. All eggs were incu- 
bated except those produced during 4 non-consecutive weeks. 
Table 2 shows the distribution of the hens into groups char- 
acterized by low, intermediate, and high hatchability. The 
birds kept on wire floors were ti-eated separately because it 
had been shown that cow manure fed with this basal diet was 
highly beneficial to hatchability, and it was thought that 
coprophagy might explain the superior performance of some 
of the birds kept in laying houses. However, the distribution 
of the hens kept on wire floors was not much ditferent from 
that of the others and coprophagy would not appear to be a 
factor. It is surprising to note that a number of individuals 

TABLE 2 

Distribution of hens fed deficient diet according to hatchability of their eggs and 

type of cage floor. 


HENS) ON CONORETR 

HATCHABILITY FLOORS COVERED WITH HENS ON WIRE FLOORS 

RANOE IN OF LITTER 

FERTILE KOOS 

No. of hens % of total No. of hens % of total 


0-70 

80 

44 

33 

49 

70-85 

68 

37 

17 

25 

85-100 

35 

19 

17 

25 


maintained excellent hatchability during a period of 10 months 
although they received a diet that was quite inadequate for the 
majority. 

It seemed possible that this variability might be due to 
differences in storage of the critical factor or to differences in 
ability to make adaptation to an unfavorable diet. In order to 
determine if there were any significant trends in hatchability 
during the course of the experiment, the hens characterized 
by low, intermediate, and high hatchability were divided into 
groups numbered 1, 2, and 3, respectively, and continued on 
the basal diet. After a lapse of 4 weeks all eggs were collected 
and settings made at weekly intervals as before. The hatch- 
ability records of the 3 newly constituted groups were pro- 
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jected back to the beginning of the previous experiment by 
combination of the records of the individuals for this period. 
The results, covering a period of 17 lunar months, are plotted 
in figure 1. 

The consistency with which the 3 groups maintained their 
relative positions is striking. It would be difficult to explain 
the long-continued difference in hatchability between groups 
1 and 3 on the basis of storage. Neither does adaptation to 
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Fig. 1 Hatchability of fertile eggs of hens fed deficient diet. Groups segregated 
on basis of hatchability. 


the diet seem a promising explanation since one would have to 
assume that the hens of group 3 accomplished this during the 
first month, those of group 2 made a partial adaptation during 
the same time but no subsequent improvement, and those of 
group 1 were incapable of making the adaptation. The sus- 
tained increase achieved by group 1 between April and Sep- 
tember and the subsequent decline may have been seasonal 
although the increase came somewhat later than the usual 
seasonal increase. 
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Growth promoting effects of hen manure 

Eubin et al. (’46) reported that the urine-free feces of hens 
were as effective as cow manure in promoting growth of 
chickens, even though the hens had been fed a diet that was 
low in the growth factor. The total excrement of hens was less 
effective presumably due to the presence of urinary products. 
Although the variation in response of the hens fo tlie deficient 
diet was not related to coprophagy, it was thought that it 
might be due to differences in extent of synthesis of the critical 
factor in the digestive tracts of different hens. Accordingly 
the total excrement of groups 1 and 3 was collected, dried 
and fed to growing chickens as 5% of the basal diet during the 

TABLE 3 

Average weights of chicl'ens at G v'eeks of age as affected by feeding 5% manure. 


SOTJROK OF MANURE 


AVERAOB WEICSHT OF OHICKENS 


gm 

Hens of group 1 fed hasal diet 454 

Hens of group 3 fed Ijusal diet 463 

Urine-free feces of a hen fed basal diet 521 

Hens fed positive control diet 491 

None (basal diet without manure) 413 


Least significant difference (19 : 1 odds) 63 


first 6 weeks of life. Comparable groups of growing chickens 
were fed the same level of urine-free feces of hens, and the 
excrement of hens fed the positive control diet which sup- 
ported hatchability at optimal or near optimal levels. These 
supplements replaced 5% of corn. The results are summarized 
in table 3. They were reported in part in the paper by Rubin 
etal. (’46). 

No material difference in growth-promoting properties was 
demonstrated between the excrements of groups 1 and 3. In 
fact, neither provided a significant stimulus to growth ac- 
cording to the usually accepted standards of significance. A 
significant stimulus was provided by the urine-free feces of 
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a hen fed the basal diet and by the total excrement of hens 
fed the positive control diet. 

It was thought that the 3 groups of hens might differ in 
efficiency of feed utilization or in rate of passage of feed 
through the digestive tract, but this did not prove to be the 
case. The efficiency indices of groups 1 to 3, respectively, de- 
termined by the method described by Bird and Whitson ( ’46) 
were 1.01, 1.03, and 1.04. Coloring the feed with 5% of char- 
coal did not reveal any noteworthy differences in rate of 
passage of material through the tract. 

Variation in response of progeny as related 
to maternal response 

After redistribution of the hens into groups 1, 2, and 3 on 
the basis of hatchability, one entire hatch was used in an ex- 
periment to determine whether tliere was any relationship 
between the responses of dams and progeny when both were 
fed the deficient diets. The progeny of groups 1, 2 and 3 
numbered 96, 49 and 58, respectively. In addition 66 chicks 
hatched from eggs of hens fed the positive control diet were 
used. These chicks were wing-banded and distributed among 
7 pens of a brooder house so that each of 5 pens contained 
an approximately equal number of chicks from each group 
of hens. The remaining 2 pens contained a preponderance of 
chicks from the hens of group 1, with a few from group 3 and 
the hens fed the positive control diet. 

The average growth curves to 6 weeks of age and the per 
cent of viability during the first week are shown in figure 2. 
Growth and viability showed the same trend as did hatch- 
ability. Within the 6 weeks’ duration of this experiment the 
maternal influence showed no diminution, though all of the 
chicks were fed the same diet throughout.’ The hens of group 
3 were able, in spite of their deficient diet, to maintain hatch- 
ability and viability of offspring at levels that compared 
favorably with the performance of the hens fed the positive 
control diet. However, the growth rate of their progeny was 
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decidedly inferior to that of the chicks from hens fed the 
positive control diet. 

Since it had proved profitable to use the offspring of hens 
fed the deficient diet in assaying concentrates of the growth 
factor prepared from cow manure, it seemed worthwhile to 
determine if any furthei' advantage would he gained by using 
only chicks from the hens most susceptible to the deficiency. 



Fig. 2 Growth curves of chicks to 6 weeks of age and per cent viability (bar 
graphs) during first week, related to hatchability and maternal diet. Groups 1, 2, 
and 3 were progeny of dams fed basal diet and characterized, respectively, by low, 
intermediate, and high hatchability. Group 4 consisted of progeny of dams fed 
positive control diet containing fish meal. 

It seemed possible also that such chicks might bo useful in 
distinguishing between the effects of concentrates from ma- 
nure and of other supplements. It has been reported that a 
growth stimulation is obtained when this diet is supplemented 
with calcium pantothenate and choline chloride (Bird and 
Rubin, ’46) and when similar diets are supplemented with dl- 
methionine (Bird and Mattingly, ’45). There is evidence, 
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however, that the concentrates do not owe their effect to these 
substances (Eubin and Bird, ’46). 

Two experiments were performed in which the basal chick 
diet and the modifications shown in table 4 were fed to chickens 
during the first 6 weeks of life. In experiment 1 there were in 
each pen 5 chicks from the hens of group 1, 12 chicks from 
hens of group 2, 8 chicks from those of group 3, and 8 chicks 
from hens fed the positive control diet. In experiment 2 each 

TABLE A 

Effect of dietary supidcments on growth of the progeny of deficient hens and hens 
naturally resistant to deficiency. 


AVERAGE WEIGHT OV 6*WBEK'OLD PROGENY OP : 


EXPERI- 

MENT 

NO. 

SUPPLEMENT TO 

basal diet for 
CHICKS 

Group 1 hens 
(deficient) 
fed 

basal diet 

Group 2 hens 
(intermediate) 
fed 

basal diet 

Group .1 hens 
(resistant to 
deficiency) 
fed 

basal diet 

Mixed 

hens 

fed 

positive 

control 

diet 



pm 

pm 

pm 

pm 

1 

None 

0.05% acid ppt. of 

307 

372 

458 

489 


manure 


511 

505 

532 


0.2% dl-mcthioiiine 
0.002% calcium 

434 

451 

478 

541 


pantothenate plus 






0.1% choline chloride 393 

427 

501 

554 

2 

None 

331 

326 

472 



0.2% dl-methionine 
plus 0.002% calcium 
pantothenate plus 

0.1% choline chloride 422 405 515 


pen contained 11 chicks from the hens of group 1, 6 from group 
2, and 5 from group 3. The results are shown in table 4. The 
figure for the progeny of the hens of group 1 fed the acid pre- 
cipitate of manure extract was omitted because early mortality 
left too few chicks to Jbe of any significance. The growth rates 
of the 3 kinds of chicks were approximately the same when all 
were fed the fraction prepared from manure, but this was not 
true when the other supplements were fed. Among the pro- 
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geny of the group 2 hens, the manure fraction was much su- 
perior to the other supplements, judged by growth response ; 
among the progeny of group 3, its superiority was doubtful ; 
and among the progeny of the hens fed the positive control 
diet the other supplements were at least as effective. Since, 
in the experiments summarized in table 4, the number of chicks 
fed the manure fraction was small, it may be worthwhile to 
point out that the results have been confirmed in numerous 
assay experiments in which the same fraction has elicited a 
maximal or near-maximal growth response in lots made up 
largely of the progeny of groups 1 and 2 (Rubin and Bird, 
’46; and unpublished data). 

DISCUSSION 

The results of these experiments make it clear that chickens 
vary widely with respect to their stores, at hatching time, of 
the dietary factor in question and with respect to some other 
characteristic which influences their ability to withstand de- 
ficiency. These 2 sources of variability combined with the 
variability expected in a basal diet composed of natural in- 
gredients could account for a considerable difference in the 
results of supposedly duplicate experiments. In the study of 
the unknown factor involved here, it has proved to be profit- 
able to use only chicks from hens fed a diet low in the factor 
and to eliminate the progeny of hens resistant to the deficiency, 
such as those of group 3. It has also proved quite essential 
to use in hatchability experiments only hens shown to be 
susceptible to the deficiency. 

The variation in response to different supplements, illus- 
trated in table 4, probably accounts for the inconsistent results 
of numerous experiments performed in this laboratory with 
chicks of uncontrolled source. In some experiments the growth 
response produced by methionine was as great as that pro- 
duced by cow manure or by fish meal : in other experiments it 
was much less. It is difficult to account for the results sum- 
marized in table 4 without postulating that the unknown factor 
in manure, methionine and the combination of choline and 
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pantothenate are to some extent interchangeable for the “bet* 
ter” chicks. This might mean that the unknown factor is par- 
tially replaceable, and that the “better” chicks had received 
sufficient of it froua their dams so that their remaining require- 
ment was met by methionine or the combination of choline and 
pantothenic acid. 

It is anticipated that future work will reveal whether or not 
the characteristic causing the variable response of hens to 
the deficient diet is inherited. This question cannot be an- 
swered on the basis of the evidence now available, since the 
relationship between growth response of progeny and hatch- 
ability response of dams might have been due to differences 
in the quantities of the essential factor stored in the eggs. 
There has been surprisingly little investigation of the inherit- 
ance of resistance and susceptibility to dietary deficiency. 
Different strains of rats have different vitamin D requirements 
according to Gowen (’36), different thiamine requirements 
according to Light and Cracas (’38), and different choline re- 
quirements according to Engel (’43), and differ with- respect 
to efficiency of feed utilization according to Morris et al. ( ’33). 
Lamoreux and Hutt ( ’43) developed strains of White Leghorn 
chickens which varied in their requirement of riboflavin for 
growth. Davis et al. (’38) studied the response of 3 full 
sisters in each of 5 different families of White Leghorns to 
a diet low in riboflavin, and found that the families differed 
significantly with respect to hatchability of fertile eggs. How- 
ever, Lamoreux ( ’38) reported that there was not a very close 
relationship between precentages of hatchability of fertile 
eggs produced by dams and daughters fed a diet low in ribo- 
flavin. 

Whatever its basis may be, the relationship under discussion 
is a very close one, involving both maternal diet and maternal 
variability in response to diet and manifesting itself in hatch- 
ability, viability of progeny, and growth rate of progeny at 
least to the age of 6 weeks. 
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SUMMABT 

Examination of the- individual hatchability records of 183 
hens which had been fed a diet containing no animal protein 
for a period of 11 lunar months revealed that 44% of the hens 
showed hatchability figures between 0 and 70%, 37% showed 
from 70 to 85% hatchability, and 19% showed from 85 to 
100% hatchability. Further investigation revealed that the 
high hatchability maintained by the minority could not be ex- 
plained on the basis of coprophagy, storage of the essential 
factor, or adaptation to an unfavorable diet. 

Hens characterized by high and by low hatchability were 
not found to vary with respect to the growth promoting prop- 
erties of their excreta or with respect to their efficiency of 
feed utilization. 

The progeny of hens characterized by high, intermediate, 
and low hatchability, respectively, showed high, intermediate, 
and low viability and growth rate to 6 weeks of age. The effect 
of dietary supplements upon the growth of chickens varied 
with the maternal diets and with the ability of the dams to 
withstand dietary deficiency. This variation may be of con- 
siderable importance, especially in experiments in which the 
diets are variable because of their content of natural food- 
stuffs. 

The variability among the hens is believed to have been 
inborn, as that of their progeny certainly was. Whether the 
variation of the progeny was congenital or hereditary cannot 
be stated on the basis of present evidence. 
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SURFACE AREA AND METABOLISM OF GROWING 

GUINEA PIGS ' 

H. H. KIBLEB, S. BBODY AND D. WOBSTELL 

Department of Dairy Husbandry, University of Missouri, Columbia 


TWO FIGURES 

(Eeceived for publication November 7, 1946) 


This is one of a series of reports on the metabolism of 
growing laboratory and farm animals, including rats, chickens 
(Kibler and Brody, ’42; ’44) cattle, horses, and swine recently 
summarized by Brody (’45). As in the preceding reports, 
surface area of the skin and body weight raised to some power 
(W”) are used as reference bases. 

STJEFACE ABEA OF THE GUINEA PIG 

The guinea pig has a rather regular shape so that it ap- 
peared fairly simple to determine the surface area from 
appropriate linear measurements on the living animals. The 
following average measurements (fig. 1) were accordingly 
made on each animal: length and width of both sides of each 
ear, length and circumference of the head, length and circum- 
ference of each leg, and the length and girth of the trunk. 
Total surface area was then computed as the sum of the areas 
of these separate parts. 

To check the areas computed from the linear measurements 
a second method was employed on the same guinea pigs. The 
animals were sacrificed by the use of illuminating gas, dipped 
in shellac and allowed to dry. Their skins were then removed 
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and ontlwed on paper. The paper outlines were cut out and 
weighed. The skin area was then computed from the weight 
of the paper outline and the conversion factor for area per 
unit weight of paper. 

The surface area data obtained by each of these 2 methods 
on 19 guinea pigs ranging in body weight from 230 to 1150 gm 
were plotted separately (fig. 1) and the power or logarithmic 
equation Y = aX” was fitted to each set of data by the least 



Fig. 1 Surface area of guinea pigs from linear measurements on living animals 
and from the measurement of the skins from the same animals. In the small figure 
at the left-hand side, lengths are indicated by H, head; T, trunk; F, front leg; 
R, hind leg. Circumferences are shown as C, head; G, trunk; A, front leg; B, 
hind leg. The length and width of each ear were also measured. 


square method. For the linear measurements on the 19 living 
animals, the relation between surface area and body weight is 
given by the equation 

S.A. = 9.85W'>" (1) 

For the measurements of the 19 shellacked skins, the relation 
is expressed by the equation 

SA.. = 9.04W'' “ (2) 

In both equations S.A. represents surface area in square 
centimeters, W represents weight in grams, and the exponent 
b indicates the relative rate of increase of surface and weight. 
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As b is 0.64 for both methods, the surface area increases 0.64 
times as fast as the weight. The guinea pig, then, must change 
in form with increasing size, since — as can be shown by 
dimensional analysis — the exponent b would be S if constant 
geometric similarity of form persisted during growth. 

The variability of the data is about the same for both 
methods. The correlation coefficient ® p is 0.99 for each equa- 
tion (fig. 1). Two-thirds of the individual observations fall 
within approximately 5% of the respective dquation lines as 
indicated by the standard errors of estimate,* Sr (fig. 1). 

Equation 2, although parallel with equation 1, is lower pre- 
sumably because of the shrinkage of the shellacked skins dur- 
ing drying. Therefore equation 2 was discarded and equation 
1 from the linear measurement on the living animals was used 
for all subsequent computations. 

METABOLISM 

The metabolism (oxygen consumption) was measured in an 
eight-chamber closed circuit, volumetric apparatus (Kibler 
and Brody, ’42). Detailed descriptions of similar multi- 
chamber volumetric appartus have been reported by Kleiber 
(’40), Winchester (’40), and Brody (’45, p. .325). 

The measurements were made at thermoneutrality (about 
30° C.). (Corrections for activity were unnecessary as the 
guinea pigs wore usually very quiet. Data were obtained dur- 
ing rest on each of the same 4 male and 4 female guinea pigs 
for the following conditions and periods; (1) non-fasting 
(birth to 1 year) ; (2) fasted for 24 hours (after 1 month of 

’ If the surface area and body weight data were perfectly correlated, the value 
of p would be 1.00. The value of 0.99 found for these data indicates a high degree 
of correlation that would have a probability of occurrence by chance of less than 
one in a hundred. 

* 4-Sk and —Sb, the standard errors of estimate, indicate the percentage range 
about the fitted line that includes ^ of the data. For example, table 1 shows that 
a 400-gm guinea pig has a surface area of 456 cm*, and figure 1 shows -f-Sn = 5.2% 
and —Sr = 4.9%. The surface area derived from similar measurements on other 
400-gm guinea pigs would not be expected (more than one time in three) to ex- 
ceed 456 cm* by more than 23.7 cm* (0.52 X 456) or fall below 456 cm* by more 
than 22.3 cm* (.049 X 456). 
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age to 1 year) ; and (3) fasted 40 to 48 hours (after 5 months 
of age to 1 year). 

A statistical test of the covariance of metabolism and body 
weight failed to establish a significant difference between the 
oxygen consumption values on the 24- and 48-hour fasts. 
Therefore all fasting data were combined and designated 
“basal metabolism.” The “resting metabolism” data, in- 
cluding the calorigenic action of the feed, and the “basal data” 
are summarized in table 1. 

During growth less extensive changes occurred in the 
metabolic rate per unit area in the guinea pig than had been 
found, for example, in the rat. In the data for the guinea pig 
(table 1) the lowest such value is 640, occurring in the ninth 
month, and the highest is 846, occurring about the sixth week, 
a range of only 206 kilo-cal. per square meter per day. In the 
data for the rat (Kibler and Brody, ’42) a low value of 456 
was found at 1 day after birth and a high value of 1241 at 45 
days of age, a range of 785 kilo-cal. per square meter per day. 
These differences between species are undoubtedly due to the 
greater physiological maturity at birth of the guinea pig than 
the rat. 

The detailed changes in metabolism per unit of surface 
area with increasing age and weight are shown in table 1 for 
both resting and basal conditions. In general the highest 
values occurred between 6 and 12 weeks of age, when the body 
weights ranged between 200 and 400 gm. The lowest values 
were reached between 8 and 12 months of age at body weights 
between 700 and 800 gm. A striking feature of figure 2 is that 
the female group of guinea pigs had a consistently higher 
metabolic rate per unit of surface area than the male group for 
all ages and conditions. 

The surface area base is very useful for studying age 
changes in metabolic rate and for equalizing metabolic rates 
between mature animals of different size, but metabolic rate 
per animal can be predicted more accurately and conveniently 
from the relation between total metabolism C (kilo-cal. per 
day) and body weight W (gm) expressed by the equation 



TABLE 1 


Growth and metaholiam of guinea pigs. 





FEMALES 





MALES 



AOS 


Average per guinea pig 



Average per guinea pig 


PERIOD 

No. 

obser- 

vations 

Body 

weight 

Surface * 
area 

Cal.» 

per 

day 

Cal./m2 

per 

day 

No 

obser- 

vations 

Body 

weight 

Surface ^ 
area 

Cal 2 
per 
day 

Cal./ra* 

per 

day 



gm 

rm^ 




gm 

cm*-* 



Week 



Besting 





Resting 



B-1 

14 

98 

185 

15.1 

816 

4 

104 

192 

15.5 

807 

1-3 

43 

131 

223 

16.8 

753 

43 

134 

226 

16.4 

726 

3-5 

39 

186 

279 

22.3 

799 

30 

189 

282 

22.1 

784 

5-7 

33 

259 

345 

29.2 

846 

36 

258 

344 

27.1 

788 

7-9 

18 

314 

390 

32.1 

823 

oo 

296 

376 

30.0 

798 

9-11 

15 

380 

441 

35.9 

814 

15 

386 

445 

35.7 

802 

11-13 

29 

40(i 

456 

38.2 

838 

15 

411 

464 

36.7 

791 

Month 











3-4 

51 

483 

514 

42.1 

819 

43 

507 

530 

40.6 

766 

4-5 

62 

564 

568 

46.7 

822 

31 

596 

588 

45.1 

767 

5-6 

54 

609 

596 

47.6 

799 

36 

676 

638 

47.3 

741 

6-7 

45 

655 

625 

47.5 

760 

31 

722 

665 

46.4 

698 

7-8 

44 

687 

644 

47.8 

742 

31 

723 

666 

44.8 

673 

8-9 

29 

789 

704 

52.6 

747 

26 

710 

658 

44.9 

682 

9-10 

19 

861 

744 

58.5 

786 

19 

790 

704 

49.6 

705 

10-11 

30 

873 

751 

56.3 

750 

30 

765 

690 

46.6 

675 

11-12 

32 

814 

718 

55.9 

779 

21 

777 

697 

49.4 

709 




Basal 




Basal 



Week 











3-5 

5 

172 

266 

19.8 

744 

8 

177 

270 

20.0 

741 

5-7 

5 

241 

330 

25.8 

782 

7 

242 

330 

25.0 

758 

7-9 

7 

281 

364 

29.7 

816 

3 

260 

346 

27.0 

780 

9-11 

5 

356 

423 

33.2 

785 

6 

372 

435 

32.8 

754 

11-13 

4 

394 

451 

38.2 

847 

2 

390 

448 

38.5 

859 

Month 











3-4 

9 

447 

489 

39.0 

798 

7 

440 

484 

38.7 

800 

4-5 

17 

518 

538 

42.8 

796 

8 

582 

579 

41.9 

724 

5-6 

18 

588 

583 

43.9 

753 

12 

653 

624 

45.8 

734 

6-7 

23 

634 

612 

44.2 

722 

16 

688 

645 

45.0 

698 

7-8 

27 

624 

606 

42.4 

700 

17 

698 

651 . 

42.9 

659 

8-9 

12 

755 

684 

45.8 

670 

12 

684 

642 

41.1 

640 

9-10 

10 

784 

701 

50.2 

716 

10 

737 

674 

44.2 

656 

10-11 

22 

807 

714 

50,6 

709 

18 

739 

675 

44.7 

662 

11-12 

31 

782 

700 

50.5 

721 

18 

734 

672 

4.5.7 

680 


‘ Surface area was computed from equation (1) in text. 

*The heat production was calculated on the assumption that 1 liter of oxygon has a heat 
equivalent of 4.9 Cal. for normally fed guinea pigs and 4.7 Cal. for guinea pigs under basal 
conditions. 
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C = aW*’. Wben this equation is fitted to data for growing 
animals, however, the data may have to be divided into 2 or 
more segments (fig. 2), since the exponent h apparently 
changes with growth rate (Kibler and Brody, ’42). 



Fig. 2 Metabolism as a function of body weight in growing guinea pigs (indi* 
vidual observations plotted on logarithmic paper) with average age given on upper 
axis. Equations and statistical constants are tabulated for the male and female 
groups for resting and basal metabolism, but only the resting data are shown to 
avoid confusion. Separate curves for individual guinea pigs are shown in the inset 
in the lower right-hand corner. 


In figure 2 the resting and basal metabolism data are plotted 
against body weight on logarithmically-divided paper. For 
the range of 50 to 500 gm body weight the equation C = aW* 
fits very well, the coefficients of correlation averaging 0.96 for 
the different curves. The 4 equation lines representing the 
resting and basal data for male and female guinea pigs are 
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nearly parallel as the values of exponent 6 vary only from 
0.67 to 0.71. Above 500 gm body weight the distribution of the 
data is more erratic and the differences between the curves 
are more pronounced. The standard error of estimate, Sk, 
for all the metabolism data is about 10%, which is close to the 
values previously reported for other species. For given body 
weights, the fitted equation lines are higher for the female 
group than the male group for all data. 

DISCUSSION 

The lack of agreement on a reference base for equalizing 
metabolic rates between animals of different size is well known. 
It should be emphasized, however, that qualitative as well as 
quantitative differences appear when different bases such as 
body surface area, simple body weight or body weight raised 
to a power are used. For example, the metabolism per unit 
area for the guinea pig rises slightly for a few weeks after 
birth and thereafter declines; but the metabolism per unit 
weight declines from birth on. Since there is no general agree- 
ment on the reference base for energy metabolism, our results, 
as in the past, include data (table 1 and tig. 2) on body weight 
and metabolism per animal as well as metabolism in terms of 
unit area, and the relation between metabolism and weight 
raised to a power. 


SUMMARY 

Data arc reported on metabolism (oxygen consumption) in 
relation to body weight, age, and surface area for the same 
4 male and 4 female guinea pigs from birth to 1 year of age. 
The female group had a higher metabolic rate than the male 
group for the entire period of measurement. The average 
“resting” metabolism for both groups rose from 750 Cal. 
per square meter per day at 2 weeks after birth to 820 at 10 
weeks and then declined to 720 at 7 months. Similar average 
“basal” values reached a maximum of 810 Cal. per square 
meter per day at 8 weeks and a minimum of 670 at 8.5 months. 
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From surface area measurements on 19 guinea pigs, rang- 
ing in weight from 230 to 1150 gm, the relation between sur- 
face area and weight was found to be expressed by the equation 

e.A. = 9.85W«“ 

where S.A. is area in square centimeters and W is weight in 
grams. 

We similarly related total metabolism to body weight by 
the same type of power equation and found that for guinea 
pigs weighing less than 500 gm, the metabolism increased more 
rapidly than surface area relative to increasing body weight 
(the exponent exceeded 0.64), and that for animals weighing 
more than 500 gm, the metabolism increased less rapidly than 
surface area with increasing body weight. 
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ON THE GEOWTH-PBOMOTING FACTOR FOR EATS 
PRESENT IN SUMMER BUTTER 

J. BOEK, B. C. P. JANSEN AND A. KENTIE 
Netherlands Institute of Nutrition and Biochemical Laboratory, 
University of Amsterdam, Holland 

ONE PIGUBB 

(Received for publication August 13, 1946) 

PART I — CONFIRMATION OF ORIGINAL FINDINGS 

Boer and Jansen (’41) showed that summer butter con- 
tains a growth-promoting factor for rats distinct from vitamin 
A, vitamin D, and the essential fatty acids. The results agreed 
in substance with those of Schantz and his co-workers ( ’40) 
although there were certain differences between our results 
which will be dealt with in a later publication. Euler and his 
co-workers (’42, ’43) reported their inability to repeat our 
experiments; their work will be discussed below. We have 
further demonstrated (Boer et al., ’44) that by treating the 
fatty acids of summer butter with suitable adsorbing agents 
the growth-promoting factor can be removed from the 
saponifiable fraction. 


Experimental 

In the experiments to be described 130 male rats, 4 weeks 
old, were each fed 1 of 8 different diets, the basal part of all 
diets being, by weight, as follows : wheat flour 72 parts, casein 
5 parts, yeast 10 parts, and salt mixture 3 parts. The 8 
different experimental diets were made by adding to 90 gm 
of this mixture 10 gm of a fatty fraction which it was desired 
to test. The additions for successive diets were as follows : 
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(a) Ten per cent of the glycerol esters of the fatty acids of 
summer butter plus the unsaponiflable part of 2 gm of sum- 
mer butter daily. The glycerol esters were prepared by heat- 
ing the dried fatty acids with an equivalent quantity of anhy- 
drous glycerol at a temperature of 150° C. 

(b) Ten per cent of the glycerol esters of the fatty acids of 
summer butter plus 2 I.U. of vitamin D (as calciferol) and 
50 Mg of 3-carotene daily. 

(c) The same esters as under heading (a), after adsorption 
of the esters on fuller’s earth, plus the unsaponifiable part of 
2 gm of summer butter daily. 

(d) The same esters as under (c) plus 2 I.U. of vitamin D 
(as calciferol) and 50 Mg of 3-carotene daily. 

(e) Ten per cent peanut oil plus the unsaponifiable part of 
2 gm of summer butter daily. 

(f) Ten per cent of peanut oil plus 2 I.U. of vitamin D (as 
calciferol) and 50 Mg of 3-carotene daily. 

(g) Ten per cent of peanut oil after adsorption on fuller’s 
earth, plus the unsaponifiable part of 2 gm of summer butter 
daily. 

• (h) Ten per cent of peanut oil after adsorption on fuller’s 
earth, plus 2 I.U. of vitamin D (as calciferol) and 50 Mg of 
3-carotone daily. 

The growth experiments were continued for a period of 
10 weeks, with weekly weighings. We have considered espe- 
cially the weights after 4 weeks and after 10 weeks, first 
calculating the means in such a way that only litter mates 
were compared, and secondly making calculations for the 
total number of rats on each diet. Also, we have tabulated 
the mean of all the rats fed diets containing summer butter 
esters and the mean of all the rats on diets containing peanut 
oil, for each of the weeks from the fourth until the tenth. 

Comparison of the litter mates after the fourth week 

The differences between the weights of rats on the diets 
containing peanut oil and those of rats on corresponding diets 
containing the esters of fatty acids of summer butter are 
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very small (see table 1). No increase in weight was noticed 
due to the unsaponifiable fraction of butter or to the mixture 
of calciferol and carotene which was administered. No dif- 
ference in weight was observed between the rats receiving 
the glycerol esters of summer butter whether they were 
treated by adsorption upon fuller’s earth, or were left un- 
treated. 

Comparison of litter mates after the tenth week 

The difference between the effect of the summer butter 
esters and that of the peanut oil is evident for all comparable 
diets (see table 1). In 18 of the 27 pairs of litter mates the 


TABLE I 

Growth of rats demon st rating the presence of a growth factor in smnmrr butter.^ 


NUMBKR 
or RATS 

I 

GRorp 

II III 

IV 

Groups I. 

II, III and 

IV combined. 

V 

GROUP 
VI VII 

VIII 

Groups V, 
VI, VII 
and VITI 
combined. 


19 

19 

16 

18 


11 

16 

14 

15 


Week 











4 

99 

99 

97 

97 

98 

97 

89 

89 

87 

90 

5 

122 

123 

119 

120 


318 

111 

no 

109 


6 

14i5 

145 

142 

141 

143 

136 

127 

131 

127 

130 

7 

160 

155 

161 

158 

158 

148 

141 

145 

142 

144 

8 

176 

171 

172 

169 

172 

163 

149 

158 

150 

154 

9 

186 

181 

180 

177 

181 

174 

158 

168 

162 

165 

10 

196 

190 

189 

183 

190 

185 

165 

177 

169 

173 


‘ Mean weights of rats by groups at the end of each week from the fourth to 
the tenth week of the experiment. Dietary supplements for the different groups: 


Group 1. 
Group II. 

Group III. 
Group IV. 
Group V. 
Group VI. 
Group VII. 

Group VTII. 


Esters of the fatty acids and unsaponifiable part of summer butter. 
Esters of the fatty acids of summer butter and calciferol plus 
carotene. 

Esters after adsorption and unsaponifiable part of summer butter. 
Esters after adsorption and calciferol plus carotene. 

Peanut oil and unsaponifiable part of summer butter. 

Peanut oil and calciferol plus carotene. 

Peanut oil after adsorption and unsaponifiable part of summer 
butter. 

Peanut oil after adsorption and calciferol plus carotene. 
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growth of the rat receiving summer butter esters is better — 
often much better — than the growth of the litter mate re- 
ceiving peanut oil. In 5 cases, the members of a pair grevr 
equally well and in only 4 instances out of 27 was the growth 
better on the diet containing peanut oil. In litter mate com- 
parison there was no significant difference between the rats 
receiving the unsaponifiable parts of butter and those receiv- 
ing a mixture of calciferol and carotene. No significant change 
in the growth promoting power was obtained upon treatment 
of either summer butter or the peanut oil with fuller’s earth 
as an adsorbing agent. 

Comparison of whole groups after the tenth week 

The rats were therefore considered as 2 groups: the first 
group contained all those rats which had received the summer 
butter acids or esters whether treated or untreated, and the 
second group contained all the rats which had received peanut 
oil whether ’treated by adsorption or not. The data are pre- 
sented in table 1, where the body weights after 4, 5, 6, .7, 8, 9, 
and 10 weeks are given. After 10 weeks the mean weight of 
rats on the esters of the fatty acids of summer butter is 
190 gm (column 6) as compared with a mean weight of rats 
on peanut oil of 173 gm (last column). The question arises, 
whether this difference of 17 gm in the mean weight of the 
2 groups of rats is significant. It must first be considered, 
whether the sub-groups which have been combined together 
to make the larger groups comprise homogeneous material, 
statistically speaking. When the distribution of growth figures 
within each group is considered, there is no evidence of de- 
parture from statistically normal distribution, and therefore 
we are entitled to conclude that each group is statistically 
homogeneous. We are also entitled to compare the means of 
the 2 groups, and it appears that the difference of 17 gm is 
significant, since it is 4.6 times as great as the standard error 
of the difference between the 2 means. We are therefore 
justified in concluding that after 10 weeks there is a highly 
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significant difference between the weights of rats receiving 
summer butter acids as compared with those of rats receiving 
peanut oil. This difference in weight can only be attributed 
to the esters of summer butter. 

Our data also suggest but do not establish conclusively 
from a statistical standpoint, that the presence of the un- 
saponifiable part of summer butter produces a better growth 
than the mixture of calciferol and carotene. A further in- 
vestigation of this point is under way. It is necessary to 
consider now why Euler and his co-workers were not able to 
reproduce our results. In our opinion the explanation lies 
in the fact that these workers did not exactly reproduce our 
experimental conditions. In their experiments butter which 
was obtained from milk collected during March was used. 
According to our information, in Sw^eden the cows are not yet 
put out to pasture in the month of March. They receive at 
that time foodstuffs not containing fresh grass. In our ob- 
servation it has been found that only summer butter (by 
definition butter from cows receiving fresh grass) possesses 
the property of promoting growth as described above. The 
experiments of Euler and associates were not strictly com- 
parable with our earlier experiments, because they were not 
carried out with what we have defined as summer butter. A 
rational explanation is therefore provided to account for their 
inability to reproduce our experimental results. 

Summary 

1. Confirmation has been obtained of the growth -promoting 
action of the glycerol esters of the fatty acids of summer 
butter. An explanation has been provided of the inability 
of Euler and his co-workers to confirm our earlier results. 

2. The treatment of summer butter with fuller’s earth as 
an adsorbing agent does not always remove the growth- 
promoting factor from the glycerol esters of the summer 
butter acids. 

3. These experiments suggest but do not conclusively 
establish that the unsaponifiable part of summer butter also 
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has a growth-promoting action apart from the action of vita- 
mins A and D. 

PABT II — THE INFLUENCE OP AD80BPTI0N AND HYDROGENATION 
ON THE GEOWTH-PBOMOTING FACTOR OP SUMMER BUTTER 

In part I we have shown that treatment of the glycerol 
esters of the fatty acids of summer butter with fuller’s earth 
as an adsorbing agent did not always remove the growth- 
promoting factor. When adsorption treatment did produce 
a ditference in growth, as seen earlier (Boer and Jansen, ’42), 
this difference was never" great. Further experiments have 
therefore been made to test the effect of adsorption upon the 
growth-promoting power and also to test the effect of hydro- 
genation of summer butter upon its growth-promoting factor. 

Experimental 

The summer butter was treated with an adsorbing agent in 
the following way: the summer butter fat was mixed with 
10% by weight of dried fuller’s earth, stirred for half an 
hour at a temperature of 80°C., and then filtered with suction 
through a Buchner funnel. Another portion was hydro- 
genated, the hydrogenation being performed at 35°C. with 
Raney nickel catalyst, by the method of Kentie and Nauta 
(’45). 

A feeding experiment was then carried out with 3 groups 
of rats to compare the effects on growth of filtered summer 
butter treated with the adsorbent and of hydrogenated sum- 
mer butter with that of the untreated butter. The groups 
contained 11 or 12 rats each, and were fed the same basal diet 
as was used in the experiments of Part I. Litter mates were 
distributed among the experimental groups as evenly as 
possible. 

The mean results are shown in table 2. After 3 weeks on 
the experimental diets the untreated summer butter (see 
Group I) had already produced a greater growth than the 
filtered summer butter (13 gm — Group II). This difference 
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was not due to the unsaponifiable part of the butter since 
this part had been added to all the diets. The difference in- 
creased each week for 11 weeks of the experiment; in the 
last week there was a slightly greater growth due to the 
treated butter. In table 3 is shown the individual growth of 

TABLE 2 


The comparative growth promoting action of untreated summer butter (Group I), 
filtered summer butter after heating and stirring with fuller *s earth 
(Group II )j and hydrogenated summer butter (Group III). 


WKKK OF 

BODY WEIGHT IN GRAMS AT END OF WEEK 

EXPERIMENT 

Group I 

Group II 

Group III 

3 

95 

82 

73 

4 

127 

110 

98 

5 




6 

165 

143 

124 

7 

178 

153 

127 

8 

192 

167 

146 

9 

203 

176 

158 

10 

211 

182 

169 

11 

220 

189 

174 

12 

231 

202 

187 


TABLE 

3 


The growth of individual rats after IS weelcs of the experiment, group I given 

untreated summer butter 

, group II given 

filtered summer 

butter after heating 

and stirring with fuller *s 

earth, and group III given hydrogenated summer butter. 

The body weights are for individual rat,s after IS weeJes on 

experiment. Bats on 

same line are liitermates. 




I.TTTER 

GROTTP I 

GROUP II 

GROUP III 


gm 

gm 

gm 

1 

241 

175 

190 

1 

221 

195 

193 

2 

234 

199 

174 

3 

225 

209 

171 

7 

247 

207 

185 

7 


184 

204 

9 

242 

242 

202 

n 

241 

220 

185 

11 

207 


209 

12 

232 

197 

185 

13 

219 

192 

158 

Mean 

231 

202 

187 
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the animals for the 12-week period. In all comparisons except 
one the growth on untreated summer butter was better — in 
many cases considerably better — than the growth on the 
filtrate of the same butter after treatment with fuller’s earth. 
It may be taken that the difference between the means is real 
and not to be explained as due to accidental deviation of the 
growth of one or a few rats in the group. The difference be- 
tween the means of the untreated summer butter and the 
filtered summer butter groups amounts to more than 3 times 
the standard error of these means and therefore is highly sig- 
nificant. 

In the same way it appears from tables 2 and 3 that the 
growth maintained by hydrogenated summer butter is less 
than that which is maintained by the whole summer butter. 
The differen^ is again evident by the end of the third experi- 
mental week and increases during the following weeks until at 
the end of the experiment the rats receiving the summer butter 
have on the average gained 51 gm more than those receiving 
the hydrogenated summer butter. This difference is also 
highly significant as it amounts to 6 times the standard error 
of the difference between the means. Figure 1 emphasizes these 
differences graphically. We are therefore justified in con- 
cluding that the hydrogenation of summer butter removes its 
growth-promoting action. As a corollary it follows that the 
growth-promoting factor must be an unsaturated substance 
or a combination of unsaturated substances. This conclusion 
appears to contradict the finding of Schantz et al. ( ’40) that 
the growth-promoting factor of summer butter is a saturated 
compound. 

An objection to the above experiments might be made, that 
the hydrogenated butter fat is less well absorbed from the 
intestinal tract because it is a hardened fat. To meet this 
objection we determined the fat content of the feces of the 
rats of the 2 groups, .and found that the absorption of the 
normal summer butter is about 3% less than that of the hydro- 
genated product. As the fat-content of the diet is 10%, it 
follows that the rats receiving the hydrogenated summer 
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butter fat absorbed 0.3% less of the total diet than the rats 
on normal summer butter, a difference which cannot explain 
the gn^eat difference in growth rate. 



WEEKS 

Fig. 1 The mean growth of rats receiving treated and untreated summer 
butjter fat. 


Summary 

1. When summer butter fat is treated with fuller’s earth 
the filtrate loses the growth promoting action of the original 
Sli mm er butter. The difference in growth is highly significant. 

2. The growth produced by hydrogenated summer butter 
fat is quite inferior to that supported by the unchanged sum- 
mer butter. This difference also is highly significant, and 
was shown not to be explained by different rates of absorption 
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of the 2 fats. Hydrogenation destroys or changes the growth- 
promoting factor in stunmer butter. 

PART III — ON THE GBOWTH-PBOMOTING ACTION OF INDIVIDUAL 
SUMMER BUTTER ACIDS OBTAINED BY 
FRACTIONAL DISTILLATION 

In our earlier experiments reported in Part I above we 
compared the growth of rats on summer butter with the 
growth when peanut oil was added to the control diet. The 
difference in growth between the different g^roups of rats 
appeared in 3 to 4 weeks; it was not great but increased 
continuously during the following weeks. The slowness with 
which the difference became manifest when peanut oil was 
used is a definite drawback which accompanies the use of 
this oil. In some of our earlier experiments we had obtained 
the impression that the growth of control rats on olive oil 
diminished at an earlier time than on peanut oil, so that with 
the shortage of peanut oil which developed during the war 
we changed to the use of olive oil. Later on, when this also 
became unobtainable, we tried rape-seed oil which gave even 
better results. It was found that the growth on rape-seed 
oil and on olive oil not only diminished at an earlier time 
than on peanut oil, but also, that the difference in growth 
between the animals receiving butter and the control rats 
was greater than when peanut oil was used. 

The growth in the third week was already distinctly less 
with olive oil in the diet than when summer butter was used. 
After the third week the difference increased much more than 
when peanut oil was given instead of olive oil. For testing 
the various fractions prepared from summer butter the fol- 
lowing procedure was devised. For the first 3 or 4 weeks of 
the experiment, aU the rats received a basal diet containing 
olive oil (or later rape-seed oil). The litters were then divided 
between the 3 types of diet to be used in the latter part of 
the experiment, namely, the diet containing the summer but- 
ter, the diet containing the olive oil and that containing the 
olive oil with added fractions to be tested. It was found' that 



GROWTH FACTOR IN SUMMER BUTTER 


349 


with this procedure involving the use of olive oil we were 
able to demonstrate a difference in growth with summer butter 
within 2 weeks. 

Fractionation of the fatty acids of summer butter 

The butter fat was saponified and the methyl esters of the 
fatty acids v^ere prepared. These esters were subjected to 
fractional distillation at low pressures, by the method of 
Podbilniac, using a distillation column 2i m in length.^ The 
lower fractions up to fraction 10 (presumably Cis) were prob- 
ably each fairly pure esters of a single acid (table 4). The 
higher boiling fractions were not esters of a single acid, but 
their fractionation served satisfactorily for a preliminary 
separation of active from inactive material. Elach fraction 
was saponified and then esterified with glycerol at 150° C. 
(This was impossible in the case of butyric and caproic acids, 
whose boiling points were too low. These 2 acids were there- 
fore esterified with ethanol.) A summary of the fractiona- 
tion procedure is given in table 4. 

Growth experiments with the different fraefions 

In the first experiment the first 4 fractions of table 4 were 
tested. Eighty rats, male and female, were distributed as 
equally as possible with regard to litter mates among 5 
groups. Each group received the basal diet with an added 
10% of fat. The first group received 10% olive oil. The suc- 
ceeding 4 groups received fractions described under num- 
bers 1 to 4 in table 4. In groups II, III and IV that amount 
of the fraction present in 20 gm of butter plus olive oil to 
bring the weight up to 10 gm total fat was added. The rats 
were maintained on the different diets for 1 week, and at 
the end of this time there was no difference in the growth rate 
of the different groups. Further experiments described below 

* We are very much indebted to Prof. D. J. Coops who kindly permitted us to 
use the fractionating column in his chemical laboratory of the Free University 
of Amsterdam. 
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indicate definitely that when the growth-promoting factor is 
present the difference in growth between groups receiving 
the factor and those receiving only olive oil or rape-seed oil 
appears within the first week of the experiment. When there 
is no difference in gprowth found during the first week we 
are therefore entitled to conclude that the growth-promoting 
factor very probably is absent from the fraction under test. 

TABLE 4 

Fractional distillation at 15 mm of the methyl esters of the fatty acids of 

summer butter. 


fraction 

n;o. 

WEIGHT 

IN OM 

molecular 

WEIGHT 

IODINE- 

VALUE 

PRINCIPAL 

COMPOUNDS 

DESCRIPTION 

1 

14 


1.30 

butyric acid 

liquid 

2 

26.5 

128.9 

6.00 

caiiroic acid 

liquid 

3 

21.8 

159.2 

3.22 

caprylic acid 

liquid 

4 

40.6 

185.7 

16.36 

capric acid 

liquid 

5 

52.2 

215.3 

9.61 

lauric acid 

liquid 

6 

171.0 

244.6 

9.18 

myristic acid 

liquid 

7 

33.8 

253.8 

9.68 

mixture 

liquid 

8 

360.4 

263.3 

10.27 

mixture 

solid 

9 

93.5 

279.1 

35.99 

mixture 

ha If -sol id 

10 

189.0 

298.5 

72.81 

mixture 

liquid 

11a 

253.4 

293.4 

73.44 

mixture 

half -solid 

lib 

172.3 

291.6 

66.80 

mixture 

half -solid 

12 

88.8 

293.5 

45.52 

mixture 

half -solid 

14 

24.7 

277.2 

73.46 

mixture 

solid 

15 

10.0 

265.2 

68.44 

mixture 

solid 

16 

23.3 

283.3 

61.44 

mixture 

solid 

residual 

54.5 


38.51 

mixture 

solid 


The conclusion is therefore justified that the growth pro- 
moting action of summer butter is not caused by the volatile 
fatty acids it contains, as is sometimes supposed on account 
of their presence in butter but not in other fats. The next 
3 fractions containing chiefly lauric, myristic and tetradecenic 
acids, respectively, were similarly tested with negative re- 
sults. In a third experiment fraction 8, fraction 9, and the 
heated glycerides of summer butter acids were examined 
with the results shown in table 5. The heating experiment 
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was designed to subject the natural glycerides of summer 
butter to the same high temperature as was used in pre- 
paring the glycerol esters after fractionation of the natural 
fat of the butter. The object was to test the effect of the 
heating upon the growth promoting factor present in the 
butter in order to determine whether it was stable to such 
a degree of heat. The growth experiment lasted 3 weeks and 
from table 5 it can be seen that fraction 8 contained the 
growth- promoting factor but that fraction 9 did not. The 

TABLE 5 


Growl h of rats after 3 weeTcs on the basal diet with different added fats: 
grovp ly olive oil; group IT, olive oil plus fraction 8 (table 4); group III, olive 
oil plus fraction 9 (table 4) ; group IV, heated summer butter fat. 


LITTER FROM 

WHICH MATES 

WERE TAKEN 


WEIGHT OP RATS 


Group I 

Group 11 

Group III 

Group IV 


gm 

gm 

gm 

gm 

1 

66 

77 

68 

76 

O 

27 

75 

60 

65 

8 

58 

87 

51 

51 

7 


81 

41 

71 

9 

50 

57 

61 

79 

10 

80 

101 

89 

91 

13 

64 

70 

65 

70 

14 

51 

72 

65 

59 

4 

76 

87 



6 

34 

65 



12 

64 

58 



mean 

57 

76 

63 

70 


last column of the table shows that the growth on the esters 
exposed to a high temperature is dislinctly better than the 
growth on olive oil. Thus we might also conclude that a high 
temperature does not necessarily destroy the factor wholly, 
although we cannot be sure that a partial destruction has 
not taken place. In order to extend the evidence for the 
existence of the growth-promoting factor present in fraction 
8, we have repeated the experiment twice, first over a period 
of 2 weeks and then over a period of 1 week. The results 
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are summarized in table 6, and it is clear in each case with 
the shorter experiment that there is good evidence for the 
existence of the growth-promoting factor in this fraction. 

TABLE 6 

Growth of rats after S weeTcs and after 1 weelc on the hasal ration with the ad- 
dition of olive oil alone as compared with that of olive oil plus the active fraction 
of summer butter (group I — olive oil; group II — olive oil plus fraction 8 in 
table 4), 


liITTKR FROM WHICH 
MATES WERE TAKEN 

WEIGHT IN OM 

Group I 

Group IT 

4a 

Weight after 2 weeks on diet 

38 

40 

6a 

16 

32 

3a 

22 

42 

2a 

32 

64 

2b 

33 

54 

3b 

17 

66 

3b 

38 

45 

4b 

30 

42 

lb 

10 

38 

mean 

26 

49 

1 

Weight after 1 week on diet 

31 

22 

2 

11 

31 

8 

23 

38 

9 

21 

22 

10 

33 

38 

13 

29 

30 

14 

22 

29 

4 

24 

38 

6 

22 

34 

12 

27 

22 

4a 

21 

18 

6a 

17 

16 

3a 

4 

22 

2a 

14 

40 


mean 


21 


29 
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Summary 

1. By using olive oil or rape-seed oil and feeding all the 
rats in an experiment for the first 3 weeks with the olive oil 
diet, before dividing them into groups which are to receive 
the different fractions, the test for the presence of the growth- 
promoting factor is improved so that it can be completed in 
1 or 2 weeks. 

2. We have fractionated the methyl esters of the fatty acids 
of butter and after replacing the methyl groups by glycerol 
residues, we have administered the different fractions to 
various groups of rats in the growth tests. 

3. The fractions up to Cir acids did not contain the growth- 
promoting factor, but we have succeeded in isolating a frac- 
tion beyond the Cir acid that did contain the growth-promoting 
factor. 

PART IV — ISOLATION OF THE GROWTH-PROMOTING FACTOR 
PRESENT IN THE PATTY ACIDS OP SUMMER BUTTER 

In order to account for the apparent contradiction between 
our results reported above, and those of Schantz et al. ( ’40) 
we have made the following working hypothesis. The growth- 
promoting factor is an unsaturated substance containing 
18 C-atoms, which, after Twitchell separation is found in the 
so-called saturated fatty acid fraction. It is distinct from 
oleic, linoleic and linolenic acids. The only known acid which 
satisfies the above conditions is vaccenic acid, which has been 
described by Bertram ( ’28), and identified by him as A-11, 12 
elaidinic acid. 

Separation of vaccenic acid from the fatty acids 
of summer butter 

The fatty acids were first separated according to the 
method of Twitchell (’21) and the solid unsaturated fatty 
acids present in the fraction designated the saturated fatty 
acids were isolated as described by Bertram. 
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Four hundred and seven gm of fatty acids derived from 
summer butter were dissolved in 500 ml of 96% ethanol, and 
to the warm solution was added a boiling solution of 
130 gm of lead acetate and 1 liter of ethanol, and the mixture 
allowed to stand for 48 hours for crystallization of the lead 
soaps. The precipitated lead soaps were filtered with suction 
and then washed out with 250 ml of ethanol. The solid lead 
soaps were crystallized once more from 2 liters of ethanol, 
and then were boiled with hydrochloric acid (in the ratio of 
1 to 1), dissolved in ether and washed out. The iodine value 
(Hanus) of the solid fatty acids obtained upon distillation 
of the ether was 8.8. 

These solid fatty acids were warmed to liquefy them and 
added to a warm solution of 250 gm of mercuric acetate in 
200 gm of acetic acid and 800 ml of 98% methanol. After 
standing for 24 hours the precipitated mercury salts were 
filtered with suction, and the filtrate cooled and at the same 
time 175 ml of concentrated HCl added. The acids which 
separated were taken up in petroleum ether, and the solution 
was washed with water and filtered. The petrol-ether was 
removed by distillation and left behind a mixture of fatty 
acids which was saponified. From the soap by acidification 
was obtained 17.1 gm of fatty acids with an iodine value of 
48.9. These acids were treated once more with 50 gm of 
mercuric ac/etatc, 15 ml of acetic acid and 60 ml of methanol ; 
after saponification of the reaction mixture and regeneration 
of the acids we obtained 8.3 gm of solid fatty acids with an 
iodine value of 84.5. 

In order to remove the liquid un saturated fatty acids still 
present in this fraction the mass of solid acids was subjected 
to a Twitchell-separation (’21), following which there re- 
mained a solid fraction which weighed 2.3 gm and had an 
iodine value of 81.4 and a melting point of 36°. The molecular 
weight of the fraction was about 280, but no further investiga- 
tions were carried out in order to save the small fraction 
for biological testing. A comparison of the above data with 
those of Bertram suggests that the material obtained by us is 



GROWTH FACTOR IN SUMMER BUTTER 


355 


relatively pure although it is very likely that it contains traces 
of saturated fatty acids and oleic acid. We obtained 0.5% 
yield from the butter acids, a quantity considerably greater 
than that obtained by Bertram (about 0.01%). 

The fraction obtained in this way, consisting chiefly of 
vaccenic acid, was tested by growth experiments in the same 
way as described above. In the first experiment 29 rats were 
used which had received the basal diet plus rape-seed oil dur- 
ing a preliminary period of 4 weeks, and then were divided 
into 3 groups. The 3 groups then received the basal diet 
plus 10% summer butter, the basal diet plus 10% rape-seed 
oil, and the basal diet plus 10% rape-seed oil to which the 
vaccenic acid fraction had been added, respectively. As the 
exact vaccenic acid content of the summer butter was unknown 

TABLE 7 

First growth test comparing summer hntter, rape-seed oily and rape-seed oil with 

vaccenic acid. 


LITTER 
FROM 
\\ HICH 
RATS 
WERE 
TAKET« 


rSROUP I 

SUMMER BUTTER 


QROUP II 
RAPE-SEED OIL 


GROUP III 

RAPE-SEED OIL PLUS 
VACCENIC ACID FRACTION 


Growth during Growth during Growth during 

successive periods • successive periods successive periods • 



4 weeks 
on rape- 
seed oil 

1 week 
on 

butter 

18 days 
on 

butter ^ 

4 weeks 
on rape- 
seed oil 

1 week 
on rape- 
seed oil 

1 8 days 
on rape- 
seed oil ^ 

4 weeks 
on rape- 
seed oil 

1 week 
on rape- 
seed oil 
fraction 

18 days 
on rape- 
seed oil 
frac- 
tion ^ 

1 

53 

12 

50 

101 

33 

20 

94 

26 

41 

2 

77 

31 

36 

88 

22 

33 




3 

90 

34 

39 

87 

32 

37 

93 

29 

53 

4 

100 

29 

50 

91 

24 

34 

90 

18 

46 

6 

74 

29 

63 

67 

19 

35 




7 

100 

30 

45 

88 

20 

32 

118 

26 

43 

7 

105 

30 

45 







8 

85 

18 

46 

83 

19 

34 

70 

20 

40 

9 

68 

24 

33 

67 

22 

33 




10 




98 

24 

46 

82 

26 

44 

12 




77 

21 

34 

77 

19 

41 

12 







83 

22 

42 

11 




89 

22 

28 

72 

19 

38 

mean 

84 

26 

45 

85 

23 

33 

87 

23 

43 


* An analysis of variance for the fijjures for the last 18-day period shows that the 
probability of these results arising from random sampling is far below 1%. 
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the working assumption was made that it contained twice as 
much as we had actually isolated in our experiment. As much 
vaccenic acid as will then be contained in 20 gm of butter was 
added to the 10 gm of rape-seed oil mixed with each 90 gm 
of fat-free basal diet. The results of this experiment are 
given in table 7 where the data on growth during the pre- 
liminary period on rape-seed oil are given, followed by those 


TABLE 8 


Summary of experiments confirming tests reported in table 7, Group I — summer 
butter; group II — rape seed oil; group III — rape seed oil plus 
the vaccenic acid fraction. 


SECOND COMPARISON 


Litter 
from which 
rat was 
taken 

Growth in final j 

16 days with group | 

I 

II 

HI 


gm 

gm 

gm 

4 

62 

13 

50 

6 

39 

35 

32 

7 

51 

39 

00 

7 


29 

48 1 

9 

47 

27 

37 

9 



36 

10 

54 

48 

44 

12 

33 

34 

35 

14 

54 

32 

34 

3 

33 

23 


11 


44 

53 


THIRD COMPARISON 


Litter 
from which 
rat was 
taken 

Growth in final 

16 days with group 

I 

II 

III 


gm 

gm 

gm 

1 

51 

46 

54 

2 

42 

42 

45 

4 

43 

34 

40 

7 

55 

38 - 

44 

8 

45 

43 

43 

11 

44 

42 

48 

12 

47 

32 

44 

14 

57 

39 


14 


32 


15 


38 

49 

Mean 

48 

39 

46 


Mean 47 32 41 

Analysis of variance: probability of 
chance occurrence 2^. 


Analysis of variance: probability of 
chance occurring considerably less than 


1 %. 


for the gfrowth exhibited during 2 periods upon the summer 
butter and vaccenic acid as well as the rape-seed oil. It is the 
figures for the growth during the last period to which we 
wish to direct attention. These data were subjected to an 
analysis of variance by the method of Snedecor (’46), and it 
was found that the probability of such results occurring purely 
on the basis of random sampling is considerably less than 
1%. We may therefore regard the results as highly sig- 
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nificant and ascribe the responses obtained to the dietary 
treatment ; that is, to the addition of vaccenic acid to the basal 
diet as compared with the addition of rape-seed oil and sum- 
mer butter. 

In order to confirm this result the same experiment was 
repeated twice with different groups of rats, the first experi- 
ment being continued for 2 weeks and the second experiment 
being continued for only 1 week. The results are shown in 
table 8. The probability of such results being obtained on the 
basis of pure chance is about 2% for the second experiment 
and well below 1% for experiment 3. They thus confirm 
exactly the first experiment reported. 

Summary 

1. The fraction obtained from summer butter fatty acids 
consisting chiefiy of vaccenic acid has a marked growth- 
promoting action. When this fraction was added to a basal 
diet containing rape-seed oil growth became better; the dif- 
ference in growth was highly significant. 

2. The growth on summer butter itself was still better than 
the growth on the added quantity of vaccenic acid. The dif- 
ference is significant but not highly significant. No reason 
can be ascribed for this difference since the exact quantity of 
vaccenic acid in the summer butter is not known. 

SUMMARY AND CONCLUSION 

Earlier experiments, in which we found a better growth in 
young albino rats on summer butterfat than on vegetable oils, 
were confirmed. The growth-promoting action was mainly 
present in the saponifiable fraction, that is, in the fatty acids. 
On fractionating the methyl esters of the acids of butterfat by 
distillation in vacuo, the activity was found in the CiR-fraction. 
On fractionating first with lead acetate and then with mercuric 
acetate we obtained a fraction chiefiy containing vaccenic acid. 
This fraction possessed distinct growth-promoting qualities. 
It seems highly probable therefore that vaccenic acid is a 
growth-promoting factor present in summer butter. 
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As demonstrated in the preceding paper, a fraction obtained 
from the fatty acids of summer butter and consisting chiefly 
of vaccenic acid had, when added to a diet with rape-seed oil, 
a growth promoting action similar to that of summer butter. 
Vaccenic acid was thought to be responsible for the growth 
promoting action of summer butter. However, the possibility 
remained that other substances were present in the fraction, 
and that one of these was the cause of the growth promoting 
action of summer butter. To prove that vaccenic acid was the 
active principle it was desirable to obtain it from a source 
other than summer butter and show that it had the same 
effect. Therefore, we looked for a method to obtain vaccenic 
acid from other material. 

Boeseken, Krimpen and Blanken (’30) described a method 
for hydrogenation of China wood oil, a fat consisting chiefly 
of alpha-oleostearic acid. This acid contains 3 double bonds. 
By modifying the method of Boeseken and his coworkers 
through use of a nickel-catalyst, and by partial hydrogenation 
it was possible to obtain a material consisting for the greater 
part of vaccenic acid, an acid with a single double bond 
between Cn and C 12 . Vaccenic acid obtained in this manner 
has been shown to have the same effect as the growth promot- 
ing factor from summer butter. Though we have few experi- 
mental data to report, the results appear so striking that 
publication of the data seems desirable. 
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Twenty-two rats were placed on 3 different diets, the first 
containing 10% summer butter, the second 10% rape-seed oil, 
and the third 10% rape-seed oil to which 3% hydrogenated 
China wood oil was added (consequently 0.3% of the total 
food). The basal diet was the same as described in our earlier 
publications. The results are given in table 1. 


TABLE 1 

Jndivid^ial growth of rats in 4 weeks. 


UTTER 

SrMMBR BUTTER 

RAPE-SEED OIL 

RAPE SEED OIL 

PLUS 

HYDROOENATRD 

CHINA WOOD OIL 


ffm 

gm 

gm 

1 

116 

66 

103 

3 

138 

79 

122 

4 

114 

74 

100 

7 


95 

103 

9 

107 

71 

90 

6 

112 

89 


8 

109 

89 


2 


88 

114 

5 


78 

82 

Mean growth : 

116 

81 

102 


Analysis of variance shows the probability of obtaining this result by pure 
chance to be far less than 1 %. 


We feel our experiments prove that China wood oil, added 
to a diet with rape-seed oil, has a growth promoting action. 
Because the fraction of summer butter and the hydrogenated 
wood oil have a similar growth promoting action, and since 
both fractions consist chiefly of vaccenic acid, we have con- 
cluded that the gn^owth promoting factor of summer butter is 
vaccenic acid. 
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(Received for publication June 10, 1946) 


The relationship between nitrogen balance and absorbed 
protein nitrogen in dogs and in man is linear in the regions 
of negative and low positive nitrogen balances (Allison and 
Anderson, ’45; Bricker, Mitchell and Kinsman, ’45). The 
slope of this line is equal to the fraction of food nitrogen 
retained in the body of the animal and therefore, by definition, 
to the biological value of the dietaiy protein provided the 
excretion of body nitrogen is not affected by the dietary nitro- 
gen. The excretion of body nitrogen, however, was shown to 
be a variable in protein depleted dogs fed egg white (Allison, 
Seeley, Brown and Anderson, ’46) so that the slope of the line 
in these experiments was not equal to the biological value of 
the protein but was some function of it. The feeding of egg 
white nitrogen to these depleted animals conserved body nitro- 
gen, a finding which is in agreement with data obtained in 

* The subject matter of this paper has been undertaken in cooperation with the 
Quartermaster Corps Committee on Food Research. 

Acknowledgment is made also for the support of the protein metabolism fund 
of the Bureau of Biological Research, Rutgers University. 

Presented before the Division of Agricultural and Food Chemistry of the 
American Chemical Society, Atlantic City, April, 1946. 
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similar experiments on rats (Willman, Swanson, Stewart, 
Stevenson and Brush, ’45). It has been suggested that the 
slope of the line be called the nitrogen balance index of the 
dietary protein since the slope is the rate of change of nitrogen 
balance with respect to nitrogen intake, a function of but not 
necessarily equal to the biological value (Allison, Seeley, 
Brown and Anderson, ’46; Allison, Anderson and Seeley, ’46). 

Further information is needed however to evaluate this 
concept of food nitrogen affecting the excretion of body nitro- 
gen. A review of the literature shows that methionine reduces 
the excretion of nitrogen in normal adult dogs receiving a 
protein-free diet (Miller, ’44). Stevenson, Swanson, Willman 
and Brush ( ’46) have reported also a nitrogen sparing action 
of methionine in the rat. It seemed possible that this amino 
acid could effect a nitrogen sparing action in normal dogs 
similar to that found for egg white in protein depleted ani- 
mals. Studies were planned therefore, to evaluate the effect 
of methionine on the excretion of nitrogen and on the nitrogen 
balance indexes of dietary proteins in normal adult dogs. 

METHODS 

The isocaloric diets and experimental techniques in these 
studies were the same as those described previously (Allison 
and Anderson, ’45 ; Allison, Seeley, Brown and Anderson, ’46). 

The dogs were healthy normal mongrels, free from para- 
sites. They weighed from 8 to 11kg. The urine and feces 
were collected daily, 4-day collections being pooled for 
analysis. A preliminary feeding period of 4 days preceded 
the collection period in those experiments in which the nitro- 
gen balance indexes were determined. The urine and feces 
were analyzed for total nitrogen by the Pregl micro-Kjeldahl 
method using selenium oxychloride as the catalyst. Urine urea 
and ammonia were determined by the aeration procedure of 
Van Slyke and Cullen (’16). The method of Folin (’14) was 
used to determine the urine creatine and creatinine. 
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EE8ULT8 

Table 1 is a summary of average data obtained on 3 dogs 
fed consecutively a protein-free diet, a casein diet, and an 
egg white diet, dl-methionine being added to each diet during 
1 of the 4-day collection periods. The dogs were fed the 
protein-free diet for 4 days (period 1) during which time the 

TABLE 1 

Average data obtained on 3 dogs fed dl-methionine and other sources of nitrogen. 
The data were obtained consecutively, each set representing the average 
results of a 4-day collection period. Absorbed nitrogen, urinary 
nitrogen, and nitrogen balance are expressed as gm/day/n}"^ 
of body surface area. 


PERIOD 

NO 

NITROGEN 

SOURCE 

ABSORBED 

NITROaEN 

gm/day/m* 

URINE 

NITROGEN 

om/day/m- 

NITROGEN 

BAIiANCB 

gm/day/m® 

1 

protein free 

0 

2.56 

— 3.02 

2 

dl-methioniuo ‘ 

0.24 

1.88 

— 2.27 

3 

protein free 

0 

1.8‘J 

— 2.32 

4 

protein free 

0 

2.65 

— 3.18 

0 

casein 

1.80 

2.99 

— 1.50 

6 

casein 4* dl-methionine * 2.04 

1.78 

— 0.22 

7 

casein 

1.80 

1.49 

— 0.19 

8 

casein 

1.80 

2.33 

— 1.04 

9 

egg wliite 

1.96 

1.79 

— 0.29 

10 

egg white -f" 





dl-methionine * 

2.10 

1.35 

-f 0.31 

11 

egg white 

1.96 

1.51 

0 

12 

egg white 

1.96 

1.52 

— 0.04 

13 

egg white 

.1 96 

1.99 

— 0.45 


^ An average of 0.24 gin of dl-raethionine nitrogen was fed to each dog *each 
day/m* of body surface. All of the amino acid nitrogen was absorbed. 


average excretion of urine nitrogen was 2.56 gm and the nitro- 
gen balance was — 3.02 gm/day/m® of body surface area. An 
average of 0.24 gm/day/m*^ of dl-methionine nitrogen was 
added to the protein-free diet for the next 4 days (period 2). 
All of the amino acid nitrogen was absorbed. The excretion 
of urinary nitrogen was reduced during this period to 1.88 gm, 
the nitrogen balance being increased to — 2.27 gm/day/m®. 
This body nitrogen sparing action of methionine, similar to 
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that reported by Miller (’44), was carried over into the third 
period even though the amino acid had been removed from 
the dipt. The excretion of nitrogen returned to control values 
during period 4. 

The protein-free diet was supplemented with casein during 
period 5. The excretion of nitrogen in the urine increased 
during this period to 2.99 gm/day/m®, an increase which would 
be expected from previous studies on the nitrogen balance 
index of casein (Allison and Anderson, ’45). Addition of the 
same amount of methionine to this casein diet (period 6) as 
was previously added to the protein-free diet resulted in a 
marked decrease in the excretion of urinary nitrogen (to 
1.78 gm/day/m®) and an increase in the nitrogen balance 
almost to equilibrium (to — 0.22 gm/day/m®). Supplementa- 
tion with methionine reduced the excretion of nitrogen more 
when the dogs were fed the casein than when they were fed 
the protein-free diet. These data can be interpreted to mean 
that methionine is supplementing both body and casein nitro- 
gen. The reduction in excretion of nitrogen was carried over 
into period 7 when the dogs received casein unsupplemented 
with methionine. 

The excretion of urinary nitrogen and the nitrogen balance 
in period 8 were approaching the initial values for casein 
(period 5) when egg white was substituted for casein in 
period 9. Egg white caused a decrease in the excretion of 
urinary nitrogen (period 9) from that previously found for 
casein (period 8). This decrease in excretion of urinary nitro- 
gen through feeding egg white agi'ees with previous experi- 
ments (Allison, Seeley, Brown and Anderson, ’46). The 
addition of methionine to egg white (period 10) caused urinary 
nitrogen to decrease and the nitrogen balance to increase but 
these changes were not as marked as in the experiments on 
the casein diet. As in the previous experiments the sparing 
action was carried over into periods when the diet contained 
no additional methionine above that present in the egg white. 

Figure 1 illustrates average urinary nitrogen excretions in 
3 dogs receiving the protein-free diet for 4 days and then the 
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protein-free diet supplemented with methionine for 3 4-day 
periods (blocks with slanted lines) followed by the unsupple- 
mented diet again. Approximately 0.24 gm of methionine 
nitrogen per day per square meter of body surface area was 
added to the protein-free diet. These data demonstrate that 
the urinary nitrogen excretion remains depressed when the 
feeding of methionine is extended from 4 days used in the 
experiments recorded in table 1 to 12 days. Again the nitro- 
gen excretion remained below control levels for several days 
after the methionine was removed from the diet. 



Figure 1 



ABSORBED NITROGEN Gma/Do^M. 

Figure 2 


Fig. 1 Average daily excretion of urinary nitrogen in 3 dogs fed protein-free 
diet (wliite blocks) and protein-free diet plus 0.24 gm of dl-metliionine nitrogen/ 
day/ni“ body surface area (diagonal lines). 

Fig. 2 Absorbed nitrogen (g|n/day/m*) vs. nitrogen balance (gm/day/m*). 
These data were obtained while feeding 3 dogs casein diet supplemented with 
methionine in the ratio of 1 gm of methionine nitrogen to 14 gm of casein nitrogen. 


The effect of the nitrogen sparing action of methionine on 
the nitrogen balance index is illustrated in figure 2 by 
average data obtained on 3 dogs fed casein supplemented with 
dl-methionine (Igrm of dl-methioninc nitrogen to 14 gm of 
casein nitrogen). The relationship between nitrogen balance 
and absorbed nitrogen is linear in the region of negative nitro- 
gen balance, becoming curvilinear in the region of positive 
nitrogen balance. The curvilinearity originates closer to zero 
nitrogen balance in methionine-supplemented than unsup- 
plemented casein. The average slope of these lines in the 
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region of negative nitrogen balance is 1.5 almost double the 
nitrogen balance index of 0.8 for unsupplemented casein. 

The nitrogen sparing action of methionine can be illustrated 
by applying this nitrogen balance index to the following equa- 
tion derived previously (Allison, Seeley, Brown and Ander- 
son, ’46). 

EN = NE. — AN (K-BV) (1) 

where EN is the nitrogen excreted from body sources, NE* the 
excretion of nitrogen on a protein-free diet, AN the absorbed 
nitrogen, K the nitrogen balance index and BV the fraction 
of nitrogen retained in the body of the animal. Since BV can 
never be greater than unity the value for K of 1.5 results in 
a positive figure in the parenthesis of equation (1). Thus the 

TABLE 2 

Average nitrogen balance indexes determined on groups of 
$ dogs fed the casein diet alone and the casein diet 
supplemented with vario^is amounts of methionine. 


METHIONINE N 

CASEIN N 

NTTROflEN 

BATaANCB 

INDEX 

0.000 

0.78 

0.004 

0.86 

0.008 

0.95 

0.025 

1.58 

0.071 

1.50 


excretion of body nitrogen EN decreases as absorbed nitro- 
gen (AN) increases. Feeding casein supplemented with 
methionine spares body nitrogen in the normal dog, therefore, 
even as egg w’hite spares body nitrogen in the depleted ani- 
mal. The curvilinearity of the lines in the region of positive 
nitrogen balance (fig. 2) proves that the sparing action 
decreases rapidly as nitrogen intake increases in this region. 
The maximum sparing of nitrogen by methionine supple- 
mented casein is, therefore, in the region of nitrogen 
equilibrium. 

The data in table 2 demonstrate the effect of adding dif- 
ferent amount s of dl-methionine on the nitrogen balance index 
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of casein. As the ratio between methionine and casein nitro- 
gen increases the nitrogen balance index increases gradually 
from approximately 0.8 for unsupplemented casein to a 
maximum around 1.5 for supplemented casein. 

The data in figure 3 illustrate the relationship between 
urinary nitrogen excretion and methionine nitrogen intake, 
when the amino acid was added to the diet containing a con- 
stant amount of casein nitrogen (3 gm/day/m® of body surface 
area). These data demonstrate that as the amount of 
methionine nitrogen added to the casein increases the excre- 
tion of urinary nitrogen decreases rapidly to a minimum and 
constant value. This minimum value of excretion coincides 



KJ U. I 

METHIONINE NITROGEN Gmt/Doy/SqM. 


Fig. 3 Urinary nitrogen excretion (gm/day/m**) in 3 dogs fed a diet supple- 
mented with different amounts of methionine nitrogen but containing a constant 
amount of casein nitrogen (3 gm/day/m* of body surface area). 


with the establishment of the constant maximum nitrogen bal- 
ance index of 1.5 to 1.6 recorded in table 2. There is then a 
definite and fixed amount of methionine necessary to produce 
the maximum sparing action of the casein body nitrogen mix- 
ture. Emphasis is put upon this mixture because no real 
separation can be made between the dietary and body nitro- 
gen. Schoenheimer and Bittenberg (’40), for example, have 
demonstrated a dynamic equilibrium between tissues and the 
surrounding media which makes the separation of food nitro- 
gen from body nitrogen a difficult task. The methionine is 
supplementing body nitrogen alone when fed with protein- 
free diet, but it supplements a new pattern made up of dietary 
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as well as body nitrogen when fed with casein or with egg 
white. 

The data summarized in table 3 show that the decrease in 
the excretion of urinary nitrogen which accompanies the addi- 
tion of methionine to casein is due to a decrease in the excre- 
tion of urea and not of ammonia, creatinine, or creatine. Thus 
methionine atfects the metabolic paths involved in the syn- 
thesis of urea altering the ratio between excretion of ammonia 
and urea. 

TABLE 3 

Average data obtained on S dogs fed approximately 3 gm of casein nitrogen per 
day per square meter of body surface area. Different amounts of dl- methionine 
(recorded in column 1) were added to the casein. Each sed of data repre^ 
sents the average excretion over a period of 4 days. The data were 
obtained consecutively with a 4-day adjustment period when 
the diet was changf^ in methionine concentration. 


DL METHIONINE 
MO/DAY 


URINARY NITROOEN 


Creatinine 

mg/day/m* 

Creatine 

mg/day/m^ 

Ammonia 

mg/day/m® 

Urea 

mg/day/rn* 

0 

167 

35 

372 

1974 

0 

169 

37 

401 

2054 

50 

157 

42 

407 

1612 

100 

185 

31 

402 

1516 

0 

169 

36 

404 

1700 

200 

172 

42 

361 

891 

500 

170 

31 

410 

805 

0 

162 

40 

423 

1646 

1000 

155 

48 

530 

796 


RIIMMARY 

1. The addition of dl-methionine to a protein-free diet or to 
diets containing casein or egg white will reduce the excretion 
of nitrogen in adult dogs. The excretion remains lower than 
control values for several days after the amino acid has been 
removed from the diet. The addition, therefore, of methionine 
to these diets spares nitrogen in the animal, the sparing action 
being more marked in the presence of casein than of egg white. 

2. The relationship in normal adult dogs between nitrogen 
balance and absorbed casein nitrogen supplemented with 
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methionine is linear in the region of negative nitrogen balance 
and curvilinear in the region of positive nitrogen balance. 

3. The slope of the line in the region of negative nitrogen 
balance (nitrogen balance index) increases from 0.8 in un- 
supplemented to from 1.5 to 1.6 in methionine supplemented 
casein. Slopes greater than unity prove that the addition of 
methionine to casein spares body and dietary nitrogen in the 
animal. This sparing action decreases rapidly in the region of 
positive nitrogen balance where the slope is a decreasing 
variable. 

4. A definite quantity of methionine is required to produce 
the maximum nitrogen sparing action. The addition of 
0.025 gm of methionine nitrogen to 1.0 gm of casein nitrogen 
produces a maximum nitrogen balance index of approximately 
1.5. The addition of larger quantities of methionine to the 
casein does not alter this index. 

5. Methionine produces the nitrogen sparing action through 
a reduction in the excretion of urea nitrogen, the ratio between 
ammonia nitrogen and urea nitrogen being increased. 
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Studies of the nitrogen excretion in rats and dogs on low 
levels of dietary nitrogen have shown that the addition of 
egg while protein to the diet results in a reduction of the 
nitrogen excretion which is not produced by casein (Swanson, 
’46; Allison, ’45). It had previously been shown that a part 
of the nitrogen of certain amino acids fed singly to dogs on a 
low-protein diet is retained or spares body protein (Nielsen 
et ah, ’39). The same situation was found to obtain in rats 
(Swanson, ’46), and the nitrogen-sparing effect of methionine 
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in dogs has been confirmed (Allison, ’45, ’46). In these later 
animal experiments, the amount of body protein nitrogen 
which is spared is greater than the methionine nitrogen in- 
gested. Such an effect would be of considerable importance 
in human nutrition under conditions of restricted food and 
water intake. Body protein would be conserved and less water 
would be required for the excretion of urea and other solutes 
as the result of including a relatively small amount of a single 
amino acid in the restricted diet. 

The present studies were undertaken to determine whether 
such an effect is produced by methionine in men. Since it is 
to be expected that such an effect will most probably be ob- 
served when the calorie needs are met from non-protein 
sources, the bulk of the experiments were carried out at 
relatively high caloric intakes with protein intake of 75 gm 
(Diet A) or restricted to 14 gm per day (Diet B). A few 
experiments were also carried out at a lower caloric level, with 
the protein intake reduced to about 5 gm per day (Diet 0). 
It should be recognized at the onset that the experimental 
periods were not prolonged, and that the subjects began each 
restricted period without depletion of protein stores. The 
conclusions can only be applied to short periods of protein 
restriction, and may be modified if it is possible to study sub- 
jects whose protein stores have been depleted. However, the 
conditions are comparable to those under which an effect has 
been noted in experimental animals. 

EXPERIMENTAL 

Subjects 

The major part of the study was carried out upon 8 male 
volunteers who were patients at the Rancho Los Amigos. 
These men ranged in age from 27 to 53 years, and were not 
suffering from ailments which would be expected to alter their 
nitrogen metabolism. This expectation was borne out by the 
constancy of the metabolic data obtained, except for the case 
of subject no. 13, who showed definite evidences of metabolic 
disturbances during the latter part of the experiments. 
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The supplementary experiments at more restricted protein 
intakes were carried out on 4 healthy, adult, male research 
workers in the same age group as the other subjects/ 

Control of the subjects. The subjects at the Rancho Los 
Amigos were confined to 1 ward which was used exclusively 
for this experiment. A nurse was in attendance at all times, 
and during the day 2 nurses and an attendant were on duty. 
Subjects were allowed to leave the ward for exercise, but 
only under supervision. 

The normal activities of the second group of subjects were 
not modified during the experimental periods. 

Diets 

The diets were prepared in the diet kitchen of the Rancho 
Los Amigos, and portions were weighed onto the individual 
trays at the ward. The entire meal was eaten by the subjects. 

Three daily menus were selected for the basal (adequate 
protein) series (Diet A) and 2 daily menus for the experi- 
mental (low protein) periods (Diet B). Both menus were 
calculated to provide 2000 Oal. The adequate protein diets 
were calculated to supply 12 gm of protein nitrogen per day, 
and were found to contain 11.1 to 12.6 gm on analysis. The 
low-protein diets were designed to provide 2 gm of nitrogen 
per day, and actually contained 2.2 to 2.3 gm nitrogen. It was 
not considered that an adequately palatable diet could be 
provided with casein as the sole source of protein, but 65% 
of the protein was supplied by whole milk proteins. The 2 
menus for the low-protein periods are given in table 1. 

In the supplementary experiments, at very low levels of 
protein intake, the diet consisted of 1 liter of grapefruit juice 
per day, containing 0.94 gm of nitrogen and supplying 400 Cal., 
with sucrose to supply an additional 200 Cal.; or additional 
sucrose and glucose candies to supply 800 Cal. (Diet C). 

*The authors wish to thank Dr. Richard J. Winzler and Mr. Fred H. Mattson 
who served as subjects. 
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TABLE 1 

Composition of the low protein diets (Viet B), 


MEAL 

DIET 1 


DIET 2 


Breakfast 

Grapefruit juice 

180 gm 

Orange juice 

185 gm 


Cornflakes 

15 gm 

Rice Krispies 

15 gm 


Sucrose 

14 gm 

Karo syrup 

50 gm 


Cream, 21% 

160 gm 

Cream, 21% 

160 gm 


Coffee 

1 cup 

Coffee 

1 cup 


Glucose candy 

11 gm 

Glucose candy 

16 gm 

Dinner 

Salad 


Salad 



Canned pear 

81 gm 

Lettuce leaf 

38 gm 


Lettuce leaf 

38 gm 

Salad dressing 

10 gm 


Salad dressing 

10 gm 

Presh grapefruit 

53 gm 


Pudding 


Strained honey 

15 gm 


Dry rice 

20 gm 

Margarine 

13 gm 


Raisins 

29 gm 

Biscuit ' 

70 gm 


Sucrose 

14 gm 






Lemonade 



Margarine 

13 gm 

Lemon juice 

60 gm 


Biscuit ' 

70 gm 

Sucrose 

30 gm 


Coffee 

1 cup 



Supper 

Salad 


Salad 



Lettuce leaf 

38 gra 

Lettuce leaf 

38 gm 


Salad dressing 

10 gm 

Salad dressing 

10 gm 


Cobbler 


Sweet potato 

81 gm 


Brown sugar 

27 gm 

Margarine 

13 gm 


Apple, peeled 

300 gm 




Biscuit ' 

70 gm 

Pudding 



Margarine 

13 gm 

Brown sugar 

27 gm 




Tapioca 

15 gm 


Whole milk 

100 gm 

Pineapple 

94 gm 


Glucose candy 

20 gm 






Whole milk 

100 gm 




Glucose candy 

37 gm 


' Biscuit recipe furnished through the courtesy of Dr.. Pearl Swanson. 


Corn starch 

50 gm 

Crisco 

16 gm 

Buttermilk 

30 gm 

Soda 

i tsp. 
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Analytical methods 

Nitrogen determinations were made by the Kjeldahl method. 
The inorganic and ethereal sulfate were determined gravi- 
metrically, as barium sulfate, and the methionine was deter- 
mined by the method of Albanese et al. ( ’44). Hemoglobin and 
plasma proteins were determined by the copper sulfate specific 
gravity method (Phillips et al., ’43). Hemoglobin was also 
determined colorimetrically as acid bematin and plasma pro- 
teins by the biuret method (Mehl, ’45). 

Plan of the experiments 

The subjects to be studied at the nitrogen intake of 2 gm 
were first placed on the adequate-protein diet for a period of 
2 weeks. During this period and snbseqnently, daily 24-hour 
urine samples were collected, and stools were weighed but 
not kept for analysis. Daily records wei’e kept of body tem- 
perature, pulse rate, respiration rate, and physical activity. 
The weight, blood pressure, blood count, hemoglobin, and 
plasma protein were obtained at weekly intervals. The nitro- 
gen content of the diets was determined by weighing out 1 
extra tray, homogenizing the food from 3 meals in a Waring 
blendor, and taking an aliquot for the analysis. 

The preliminary period was then extended for 10 days, 
during which 3 gm of dl-inethionine were added to the diet 
daily. This served to provide a somewhat longer period on 
Diet A, and at the same time provided information regarding 
the effect of methionine in subjects in nitrogen equilibrium. 
The methionine was then discontinued for 10 days, after 
which the low-protein period (Diet B) was begun. Four of 
the subjects were given a daily supplement of 3 gm of 
dl-methionine dui-ing this first low-protein period and the 
other 4 subjects received the low-protein diet alone. The ex- 
perimental period of 10 days was followed by a recovery 
period of 10 days during which the subjects were returned to 
the adequate-protein intake, and methionine discontinued. A 
second 10-day experimental period was then instituted. This 
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provided a control period for the 4 subjects who had pre- 
viously received the methionine supplement, and a methionine 
supplement period for the other 4 subjects. The entire ex- 
periment was concluded by a final 10-day recovery period. 

The very low-protein diets (Diet C) were undertaken in a 
less comprehensive way, in the hope that some effect of 
methionine could be demonstrated at these very low levels of 
nitrogen intake. Laboratory workers went on the low-protein 
diet following their customary dietary regime, and carried 
on with their usual duties. One subject, no. 14, carried through 
2 experimental periods of 10 days each, separated by a re- 
covery period of 3 weeks. During the first low-protein period, 
a daily supplement of 3 gm of dl-methionine was provided, 
while the second period served as a control. Subject no. 15 
received the methionine supplement during the first 7 days of 
a 10-day low protein period, and subject no. 16 received the 
methionine during the last 3 days of a 10-day period. Subject 
no. 17 was provided with the daily supplement of 3 gm of 
dl-methionine for the entire 10-day period. The data obtained 
on these last 4 subjects were limited to the 24-hour urinary 
nitrogen, inorganic and ethereal sulfate, and methionine ex- 
cretions, and the body weights. 

The choice of a 3-gm daily supplement of methionine is 
somewhat arbitrary, but was determined primarily by the 
levels of the methionine supplement required to give a maxi- 
mum effect in rats and dogs. This amount is somewhat higher 
than that of 1.9 gm per day, suggested by Stare, Hegsted and 
McKibben (’45) as being required by a 70-kg man, though 
it is not sufScient to meet the requirement of approximately 4 
gm postulated by Block ( ’43). 

RESULTS 

The results of the experiments employing the 2000-Cal. diet 
and 2 gm of nitrogen during the low-protein periods will be 
discussed first, since they are the most nearly complete. The 
serum protein, hemoglobin, and body weight have not been 
tabulated, since they showed no significant change during the 
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course of the experiments. The body weight, for example, 
did not vary by more than 4% during the entire period. The 
greatest interest attaches to the data on nitrogen and sulfur 
excretion. The results obtained on the basal diets are shown 
in table 2. Average values for the entire group are reported, 
and only averages for 5-day periods are recorded. Urine 
methionine was not determined during this period, but the 
urinary nitrogen, sum of ethereal and inorganic sulfate, 

TABLE 2 


Summary table of the effect of methionine at an adequate protein intake (Diet A). 


OHKMICAIi 

T’KRIOD I 

BASAL DIRT 

PERIOD TI 

BASAL DIRT PLUS 

3 G.Vf MKTIIIONINE 
DAILY 

PERIOD 

1 III 

i BAS ^L 
DIET 

CHANGE 

ANALYSES 

Mar. 19- 
Mar. 23 

Mar. 24- 
Mar. 28 

Aver- 

age 

Mar. 29- 
Apr. 2 

Apr H~ 
Apr. 8 

Aver- 

age 

1 

1 

.'Apr 12- 
'Apr. 15 ‘ 

1 

Average 
of II 
minus I 
plus III 

Urine N, 
gm/24 hr. 

9.94 

9.59 

9.76 

10.34 

10.23 

10.29 

1 

0.47 

-1- 0.63 

Urine SOj®, 
gm/24 hr. 


1.45 

1.47 

2.68 

2.77 

2.72 

i i 

1.49 

■f 1.24 

Urine 
creatinine, 
flrm/24 hr. 

i 1.11 

1.01 

: i 

1 j 

1.06 

1 

0.97 ! 

1 

0.99 

0.99 

! 

1.03 

— 0.07 

Food N, 
gm/24 hr. 

! ! 

! 12.29 

i 

11.42 

i ! 

11.77 

12.55 ! 

1 

11.20 1 

1 

i 11.88 

1 11.13 

-t-0.46 


' No collections were made from April 9 to April 11, inclusive, although the 
subjects remained on the basal diet. 

* Sum of inorganic and ethereal sulfate. 


creatinine and food nitrogen are tabulated. The change pro- 
duced by methionine is indicated in the last column of table 2, 
and is calculated from the ditference between the averages of 
basal periods I and III and the basal period plus methionine, 
period II. There was a small increase in urinary nitrogen 
excretion, 0.63 gm per day, which was largely accounted for by 
the difference in the food nitrogen, 0.46 gm. The excess excre- 
tion of 1.24 gm SO3 accounts for 77% of the extra sulfur 
ingested in the methionine, and, making allowances for the 
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probable excretion of sulfur in other forms, it corresponds 
to essentially complete metabolism of the ingested methionine. 

The data obtained on the low-protein diet are summarized 
in table 3. Here again, averages are given for 5-day periods, 
except for the first hasal period preceding the low-protein diet, 
which includes values for only 4 days. The average decrease 
in urinary nitrogen excretion in changing from a diet provid- 
ing 11.9 gm of nitrogen to one containing 2.2 gm was 5.0 gm. 
The inclusion of 3 gm of dl-methionine in the low-protein 
period resulted in a smaller decrease in urinary nitrogen, 
averaging 4.7 gm per day. The smaller decrease with methio- 
nine can be accounted for by the 0.3 gm of nitrogen contained 
in the methionine. Likewise, the extra sulfur excretion cor- 
responds to 82% of that ingested in the methionine, and mak- 
ing allowances for the fact that some additional neutral sulfur 
was not accounted for, this corresponds to essentially complete 
excretion of the methionine sulfur. 

The nitrogen excretions have been recalculated in terms 
of the grams of nitrogen per square meter per 24 hours, and 
are included in table 4. These values serve to indicate the 
relative constancy of the results obtained with individual 
subjects (except for the obvious abnormalities in the case of 
subject no. 13), and provide some basis for comparison with 
the data obtained on dogs. Again, the nitrogen excretions 
are slightly greater with the methionine supplement. Exclud- 
ing subject no. 13, the average difference was 6.1% during 
the first 5 days ,and 3.6% during the second 5 days on the low 
protein diet. 

The results of the experiment with subject no. 14 are given 
in table 5. The two 10-day experimental periods employed 
a 600 Cal. diet, with a nitrogen intake of 0.94 per day. Aver- 
ages of the nitrogen excretion during the last 5 days were 
5.57 gm per day without methionine, and 7.12 gm per day with 
3 gm of methionine daily. A total of 6.5 gm of methionine 
sulfur were ingested during these 5 days, and 6.3 gm more 
sulfur were excreted than in the control period. 
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The results of the other experiments employing this very 
low-protein intake are also recorded in table 6, where the 
urinary nitrogen excretions are again calculated per square 
meter of body surface. Urinary sulfates, as SOg, and methio- 
nine excretions per 24 hours are also reported for subjects 
15, 16, and 17. The excretion of urinary nitrogen does not 
reach the low values attained on the 2000-Cal. diets, but ap- 
pears to respond in the same way to the addition of methionine 
to the diet, with a small increase. 

TABLE S 


Effect of methionine on a ** protein-free** diet (Diet C). Data obtained from 
subject no. 14 whose diet furnished 0.94 gm N and 600 Cal. per day. 


DAYS 

ON 

DIET 

1 

1 BODY WT. 

i 

URINE N 

CREATININE 

1 SUDFATE AS 

1 SOa' 

METHIONINE 

M* 1 

i 

c» 1 

1 

M 

0 

M 

c 

1 M 

0 

M 

C 

1 

1 

lbs. 

lh9. 

gm 

gm 

I gm 

gm 

j pm 

gm 

gm 

gm 

1 

202 { 

198 

8.72 

11.47 

0.73 

0.74 

: 2.64 

1.41 

0.96 

0.47 

2 

201 1 

196 

7.98 

9.07 

0.70 

0.65 

' 2.66 

1.08 

0.83 

0.58 

3 

199 

196 

9.68 

8.41 

0.73 

0.70 

j 2.54 

1.08 

0.94 

0.62 

4 

198 

195 

9.23 

7.82 

0.70 

0.74 

i 2.57 

0.92 

0.95 

0.62 

5 

197 

194 

10.29 

8.32 

1 0.70 

0.79 

i 2.54 

0.97 

1.14 

0.64 

6 

195 

192 

7.86 

6.22 

0.68 

0.76 

j 2.31 

0.86 

0.75 

0.55 

7 

195 

191 

6.25 

4.87 

0.65 

0.78 

1 2.43 

0.85 

0.80 

0.56 

8 

194 1 

190 

6.93 

5.71 

0.61 

0.66 

' 2.39 

0.87 

0.78 

0.55 

9 

193 

189 

i 7.66 

5.65 

0.69 

0.68 

2.24 

0 85 

0.80 

0.61 

10 

192 

188 

6.89 

5.41 

0.70 

0.65 

: 2.16 

0.79 

0.83 

0.57 


‘ 8iim of ethereal and inorganic sulfate. 
‘Methionine (3 gm). 

* Control. 


DISCUSSION 

The results of the experiments carried out on the 2000-Cal. 
diet are sufficiently consistent to conclude that the result of 
adding 3 gm of methionine per day had the same effect whether 
the nitrogen intake was 12 gm per day (Diet A), and the 
subjects in nitrogen balance, or whether the nitrogen intake 
was 2 gm per day (Diet B), and the subjects in negative 
nitrogen balance. In either case, the sulfur excretion increases 
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Effect of methionine on a ** protein-free* * diet (Diet C), 
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^Data obtained 19 years earlier on the same subject (Deuel pt al., ’28). 
‘Days on which methionine was taken. 
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by an amount within 10% of the amount of methionine sulfur 
ingested and the nitrogen excretion increases slightly. The 
extra nitrogen, particularly in the low-protein period, can 
be stated to represent essentially all of the ingested methionine 
nitrogen. There is, thus, no indication that the added methio- 
nine spares body protein, or that its sulfur is utilized. The 
experiments on very low nitrogen intakes bear out this con- 
clusion completely, and suggest a species difference from the 
rat and the dog. 

The different results obtained with the human subject 
require some explanation, but must depend primarily upon 
an explanation of the ability of methionine or any other 
single amino acid to reduce the urinary nitrogen excretion on 
an inadequate protein intake. There are 2 similar explanations 
for such an effect, both of which would postulate a requirement 
for the amino acid in question which is not met by the break- 
down of body protein and the diet. This could be a requirement 
for some specific function other than protein re-synthesis, or 
it could represent a requirement for re-synthesis of more 
important body proteins at the expense of less important 
ones. In an earlier experiment on a protein-free diet, supply- 
ing 2000 Cal., a urinary nitrogen excretion of 0.94 gm/m.^/24: hr. 
was reached (Deuel et al., ’28). This is significantly lower 
than any level of nitrogen excretion reached in Allison’s 
( ’46) experiments with dogs. In either case, extra body pro- 
tein would be broken down to meet this requirement, and a 
minimal breakdown could only be obtained when these special 
requirements were met by an extra dietary supplement. In 
the ease of the human experiments, then, it would be con- 
cluded that the methionine requirement is lower, and is not 
a limiting factor in the attainment of minimum nitrogen ex- 
cretions in these experiments, or that the requirement is met 
by the body protein breakdown plus any dietary protein. In 
this connection, it is interesting to compare the levels of 
urinary excretion of 1.5 to 1.9 gm N/m®/24 hr. reached in a 
comparable time with dogs receiving a methionine supplement 
with the average levels of approximately 1.9 gm N/m®/24 hr. 
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reached by these human subjects without methionine during 
the last 5 days of the low-protein period. 

Since the addition of further methionine did not reduce the 
nitrogen excretion on the low-protein diet (Diet B), it can be 
concluded that no more methionine is required under these 
circumstances than that represented by the entire sulfur ex- 
cretion, or 1.4 gm methionine per day for our average subject. 
On the average, the methionine nitrogen (calculated from the 
total sulfur excretion) per gm of total urinary nitrogen during 
the last 5 days of the low protein period at 2000 Cal. is 0.041, 
and this ratio is 0.035 for the last 2 days of the experiments 
at 600 and 1200, Cal. with subjects no. 14 and no. 17, and also 
on the sixth and seventh day of the low-protein experiment 
with subject no. 16. Since the addition of methionine did not 
further reduce the urinary nitrogen, this ratio is indicative of 
the maximum methionine requirement at these levels of 
nitrogen intake. The ratio obtained in a similar way for the 
basal periods averages about 0.035. The minimum excretion 
of urinary nitrogen (2 gm/m®/24 hr.) in dogs (Allison, ’46) 
on an intake of 3 gm of casein N per m® per day was attained 
with a supplement of 0.04 gm of dl-methionine N per m®. Since 
the casein furnished an additional 0.57 gm of methionine 
(Dunn et al., ’46) or 0.053 gm of methionine-N per m® per day, 
the total methionine-N was at least 0.1 gm for a urinary N of 
2 gm, or 0.05 gm of methionine-N per gm of urinary nitrogen. 
If allowance is made for the fact that the dogs were in positive 
nitrogen balance, the sulfur stored in protein must also be 
considered, and this would reduce the estimate of the ratio of 
methionine nitrogen to urinary nitrogen to about 0.033. Al- 
though the estimate of the ratio of methionine-N to the total 
urinary-N may probably be too high in the case of the men 
and though that for the dogs may be somewhat too low, it 
can be argued that these calculations indicate an appreciably 
higher methionine requirement in dogs than in man unless 
some further assumption is made regarding the fraction of 
the urinary sulfur which is really derived from methionine 
in the human experiments. It may be of some interest to note 
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that the ratio of urinary S to N increased during the course 
of the present protein-low or protein-free experiments. This 
increase is even more marked in the latter periods of the 
experiment of Deuel et al. (’28) in which the neutral sulfur 
excretion was relatively constant, and averaged about 0.1 
gm/S/24 hr. If all of this were methionine, it would corre- 
spond to 0.46 gm/24 hr., and compares favorably with the meth- 
ionine excretion of 0.6 gm obtained with the same subject in 
the present experiments (table 5). This excretion appears to 
be quite constant at different levels of protein intake (tables 
3, 5, and 6), and therefore appears to be independent of the 
methionine intake, except insofar as the ingestion of large 
amounts of the amino acid itself leads to some spilling over into 
the urine. The ratio of sulfate-S to urinary nitrogen remains 
quite constant in the present experiments, but increases signifi- 
cantly in the longer experiment of Deuel et al. (’28) During 
protein deprivation, then, the body protein which is broken 
down becomes increasingly richer in sulfur-containing amino 
acids. However, the present experiments suggest that the 
human body is not limited in its ability to conserve nitrogen by 
the need to meet a methionine requirement. 

The comparison of the present experiments with a 2000-0al. 
intake and the 600- and 1200-Cal. intakes, as well as with the 
earlier experiment of Deuel et al. (’28), demonstrates the 
importance of an adequate calorie intake in the attainment of 
a minimal nitrogen excretion on a low-protein diet. The calorie 
intake required to establish a minimum nitrogen excretion 
cannot be fixed definitely from these experiments, but it can 
be concluded that it is greater than 1200 Cal. 

SUMMARY AND CONCT^USIONS 

1. Experiments have been carried out on human subjects 
during 10-day periods, to test the effects of added methionine 
on urinary excretion. Diets supplying 2000 Cal. and 75 gm of 
protein (Diet A), 2000 Cal. and 14 gm protein (Diet B), 1200 
Cal. and 5 gm protein, or 600 Cal. and 5 gm protein (Diet C), 
were employed. 
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2. In no instance did the addition of 3 gm of dl-methionine 
per day to the low-protein diets decrease the urinary nitrogen 
excretion. 

3. Under the conditions employed, methonine alone does 
not spare body protein, nor is there any evidence of its utiliza- 
tion from values for the nitrogen or sulfur excretion. 

4. The nitrogen minimum (“wear and tear quota”) can- 
not be obtained when the Caloric intake is 600 or 1200 Cal. 
daily although it is obtained when 2000 Cal. per day are given. 

EDITORIAL NOTE 

The finding reported in this paper that the requirement 
for methionine in man is lower than that for the dog confirms 
the work of Cox et al. also published in the current issue of 
this Journal. As a matter of fact the present paper was sub- 
mitted for publication before the one by Cox et al. but its 
publication was delayed in an attempt to secure simultaneous 
publication of several papers by different authors representing 
work undertaken in cooperation with the Research and Devel- 
opment Branch, Military Planning Division of the OflBce of 
the Quartermaster General, U.S.A. 
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Since the time of Folin ( ’05), the quantities of nitrogen and 
creatinine excreted in the urine during a period of protein 
deprivation have been used as a measure of “endogenous” 
metabolism. Data accumulated at the Iowa State College 
(Willman et ah, ’45) indicate that if the albino rat is fed a 
ration low in nitrogenous constituents but otherwise adequate, 
the nitrogen metabolism after its initial reduction proceeds at 
a fairly constant rate. Observations were made in 2 metabo- 
lism periods, each 7 days long, after the animals had subsisted 
for 11 days on the nitrogen-poor diet. However, when whole 
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no. 1, 1946. The data reported are taken in large part from a thesis submitted 
by Miriam Brush to the Graduate College of the Iowa State College in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy in Nutrition, 
July, 1946. The subject matter of this paper was undertaken in cooperation with 
the Committee on Pood Research of the Quartermaster Food and Container In- 
stitute for the Armed Forces. The opinions or conclusions contained in this report 
are those of the authors. They are not to be construed as necessarily reflecting 
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eggs equivalent to 3.5% of protein supplemented the ration 
in the second metabolism period, the quantity of nitrogen 
eliminated in the urine was about one-third less than in the 
previous nitrogen-low feeding period. The excretion of cre- 
atinine was similarly altered. The depression of the so-called 
endogenous metabolism by the simple addition of food pro- 
teins to the basal diet casts doubt on the validity of the distinc- 
tion made by Folin between endogenous and exogenous metab- 
olism, and gives weight from another experimental approach 
to recent concepts of the fluidity of body processes and of the 
existence of a dynamic relation between food proteins and 
tissue proteins (Madden and Whipple, ’40; Schoenheimer, 
’42): 

The nature of the body-sparing action that follows the in- 
corporation of eggs in the basal nitrogen-low diet of rats 
partially depleted of their reserve proteins has been exam- 
ined in the present investigation. 

The study represents a progressive series of experiments. 
The first investigation was planned to show whether or not 
the nitrogenous components were specifically responsible for 
the reduced excretion of nitrogen that followed the introduc- 
tion of eggs into the basal ration, a mixture of the 10 essential 
amino acids replacing the eggs in the test diet. A suggestion 
of Dr. Samuel Lepkovsky ® together with certain reports in the 
literature (Miller, ’44; Croft and Peters, ’45) that methionine 
may play an outstandingly important role in nitrogen metabo- 
lism led to a measurement of its influence by feeding it as the 
sole dietary source of nitrogen and by omitting it from the 
mixture of the 10 essential amino acids fed in Experiment I. 
The discovery that methionine was as effective as were egg 
proteins in depressing the urinary excretion of nitrogen 
formed the basis of the remaining experiments. 

To determine whether or not methionine was unique in 
its nitrogen-sparing property, the other essential amino acids 
were then tested individually. 

’ Committee on Food Besearch, Q^rtermaster Food and Container Institute for 
the Armed Forces. 
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Since the quantity of nitrogen appearing in the urine of 
rats does not increase progressively as the quantity of egg 
proteins is increased (Swanson et al., ’47), the response of 
animals to supplementary methionine offered at graded levels 
was investigated in the fourth experiment. 

In an attempt to elucidate the nature of the physiological 
action of methionine, the effect of the introduction of cystine 
and choline into the basal ration was measured. In the last 
unit of the investigation, whole carcasses of animals as well as 
hepatic and muscular tissues were analyzed for their contents 
of nitrogen and methionine in an attempt to gain some infor- 
mation as to the utilization of nitrogen under the various 
experimental conditions imposed. 

In the first 5 experiments, data obtained in the classical 
nitrogen balance test as developed by Mitchell (’24) and 
standardized in this laboratory (Swanson, et al., ’47) were used 
to measure the response of the experimental animals to the 
various dietary regimes. In the sixth experiment, the tissues 
examined were those of rats treated exactly like the animals 
in the balance experiments and sacrificed at appropriate 
intervals in the test. 

EXPERIMENTAL PROCEDURE 

The balance test 

Male albino rats, approximately 6 months old, were used 
in the experiments. They were of Wistar stock, strain A, 
inbred by brother and sister matings for 94 generations. 
They had been reared on a stock diet which was a modification 
of one proposed by Steenbock in 1923 and known in this labor- 
atory as Steenbock V (Swanson et al., ’47). The various 
experimental groups in the first 5 experiments each contained 
6 rats. Data' pertaining to any rat were discarded in the final 
analyses only if the animal had failed to eat normally or if 
some acute infection had developed. This procedure was 
necessary only in the groups fed valine and arginine in ex- 
periment 3, the final number of rats in these groups being 
2 and 4, respectively. 
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The effectiveness of a substance in altering the excretion 
of urinary nitrogen was determined by comparing the meta- 
bolic data obtained during a period when the nitrogen-low 
diet was fed with those secured in a subsequent interval when 
this basal ration was supplemented by some source of nitro- 
gen. The test which required 29 days for completion was 
divided into the following periods; I. Nitrogen-low feeding 
period: (A) Preliminary depletion period, 11 days, (B) Col- 
lection period, 7 days; and II. Nitrogen-feeding period; (A) 
Adjustment period, 4 days, (B) Collection period, 7 days. 

The percentage composition of the basal low-nitrogen diet 
containing approximately 0.6 mg of nitrogen per gm was 
as follows: dextrin, 73; butterfat, 10; lard, 10; Osborne and 
Mendel salt mixture, 4; Euffex,^ 2; and NaCl, 1. The ration 
also supplied daily, 50 mg of cod liver oil, 100 mg of rice bran 
polish extract, 40 pg of thiamine, 60 pg of riboflavin, 40 pg of 
pyridoxine, 10 mg of inositol, 10 mg of p-amino benzoic acid, 
0.5 mg of nicotinic acid, 0.1 mg of calcium pantothenate, 1 mg 
of ascorbic acid, 5 mg of choline, 1 Mg of biotin, and 0.75 mg 
of a-tocopherol. 

The standardization of the test is described in detail else- 
where (Swanson et al., ’47). Preliminary tests showed that 
the plane of nitrogenous metabolism had stabilized before 
either of the 2 collection periods was initiated. Also, points 
such as caloric requirements of the animals, quantity of food 
ingested and techniques for feeding and for collection of 
metabolic materials were all considered and controlled. 

The animals were weighed daily in each metabolism period. 
The weights of the rats as recorded in table 1 represent aver- 
ages of the daily weights of the animals in the 7-day interval. 
The data also permitted a study of the change in body weight 
that occurred from the beginning to the end of each metabo- 
lism period (table 2.) The later calculations were based on data 
obtained on the second and seventh days of a collection period 

* Processed rice hulls consisting of alpha cellulose (70%), simple and hydro- 
celluloses; protein, fat, and vitamin-free; purchased from Pisher Scientific Co., 
Pittsburgh. 
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because the withdrawal of food necessary in shifting from 1 
period of the metabolism test to another was reflected in the 
■w^eight of the animal. 

Evaluations have been made in terms of the relative quan- 
tities of urinary nitrogen excreted in the 2 collection periods 
and of “body nitrogen spared.” The last index is the dif- 
ference between the nitrogen balances in the 2 test periods, 
and represents the nitrogen that would have been lost from 
the body of the animal had no supplementary source of dietary 
nitrogen been offered in the second metabolism period. 

Tissue analysis 

In this phase of the experiment, 2 groups of animals were 
used. The first received the nitrogenous supplement at the 
end of the first collection period in the 29-day balance test; 
the second group did not. The animals were sacrificed at 
appropriate intervals and their tissues analyzed. 

Preparation of carcasses. The animals were anesthetized 
with ether, after which the intestinal tract was excised and 
washed free of all materials. The entire carcass was then 
sealed in a tin container and quick-frozen at — 40°C. Each 
carcass was stored at — 10°C. until time of analysis when it 
was ground and transferred quantitatively to a flask con- 
taining 400 ml of 20% HCl. The mixture was autoclaved at 
125°C. and 15-lb. pressure for 7 hours. These conditions as- 
sured complete hydrolysis of proteins without destruction of 
methionine. The solution was diluted quantitatively to volume 
and samples of appropriate size analyzed for nitrogen and 
methionine. 

Preparation of hepatic and muscular tissues. The rats were 
starved for 10 hours prior to the time of killing. Before re- 
moval of the liver, the animals were partially bled. The liver 
was divided into 2 portions. About 1 gm was used for the de- 
termination of fat and moisture. The remainder was hydro- 
lyzed in acid (4 ml of 20% HCl and 10 ml of water) at 125°C. 
and 15-lb. pressure. 
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The gastrocnemius muscles were extirpated carefully, the 
left was used for the determination of fat and moisture while 
the right was analyzed for methionine. 

Analytical methods. In the estimation of methionine, ali- 
quots of the acid digests were shaken first with small portions 
of activated charcoal and heated to 60° C. to remove highly 
colored degradation products (Lavine, ’43). The filtrates were 
analyzed by the method described by Albanese, Frankston and 
Irby (’44). Interference by cystine and tryptophane was 
successfully controlled. Analyses were reproducible in the 
hands of the senior author; constant values were obtained 
with varying periods of autoclaving and recoveries were sat- 
isfactory (99,2%) when known quantities of crystalline methi- 
onine were added to egg proteins before autoclaving. 

RESULTS 

Experiment I 

Egg proteins vs. the essential amino acids 

In determining the role of nitrogenous constituents in the 
body-sparing action of dried whole eggs, 3 groups of animals 
were used. Group I, the negative control series, received the 
basal low-nitrogen diet throughout the entire experimental 
period of 29 days. Group 11, in the second balance period, was 
given egg proteins equivalent to 3.5% of the quantity of ration 
they consumed in the first collection period. The dehydrated 
eggs were fed apart from the basal ration and supplied 60 mg 
of nitrogen daily. In the second metabolism period. Group III 
received 52 mg of available ® nitrogen daily from a mixture of 
the 10 essential amino acids. Each acid supplied one-tenth of 
the total nitrogen of the mixture. 

Data describing the response of the rats to the 3 dietary 
regimes are shown in table 1. Under the conditions of the ex- 
periment, a close relationship exists between the quantity of 

” Those amino acids available only in the dl- form were incorporated in the 
mixture in quantities based on the relative availability of the d and I forms as 
reported by Sahyun ('44). 
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TABLE 1 

Average nitrogen metabolism of rata partially depleted of bodily reserves of 
protein before (Period I) and after (Period II) the inclusion of a 
nitrogenous supplement in the basal protein-free ration. 



AV. BODY WT. 

AV CAIi. EATEN 

URINARY N 

N BALANCE 


dietary supple- 

IN PERIOD 

IN PERIOD 

IN PERIOD 

IN PERIOD 

BODY N 

WETfn TlVDTAr^ TT 









SPARED 

X XPI X^JaXfrXWXi XX 










I 

11 

I 

II 

I 

11 

I 

II 


mg nitrogen/ day 

gm 

gm 

per 

day 

per 

day 

mg 

mg 

mg 

mg 

mg 

Exp. 

I. Egg proteins vs. 

the essential amino acids.’* * 



Basal diet: 0 

272 

254 

57 

54 

260 

244 

—345 

—333 

12 

Whole eggs: 60 

286 

284 

55 

55 

275 

212 

—384 

+ 77 

461 

Ten Ess. A.A.: 54 

240 

229 

46 

42 

319 

288 

—401 

+ 35 

436 

Exp. 

II. Role of methionine* in nitrogen metabolism 



Methionine : 3 

213 

195 

50 

45 

236 

149 

—347 

—210 

137 

Methionine : 4 

257 

239 

50 

47 

278 

200 

—374 

—248 

126 

Methionine : 4 

273 

248 

45 

42 

332 

245 

—454 

—308 

146 

Ess. A.A.-Me: 37 

260 

238 

46 

41 

308 

418 




Exp. III. 

Methionine vs. other essential amino acids 



Methionine : 4 

257 

239 

50 

47 

278 

200 

—374 

—248 

126 

Arginine : 4 
Isoleucine : 4 

245 

227 

54 

41 

259 

211 

—353 

—262 

91 

262 

243 

53 

50 

276 

231 

—363 

—301 

62 

Histidine: 4 

271 

248 

56 

49 

274 

236 

—373 

—298 

75 

Threonine : 4 

276 

260 

53 

49 

249 

220 

—351 

—294 

57 

Leucine : 4 

237 

224 

49 

43 

280 

264 

—392 

—309 

83 

Valine: 4 

280 

263 

59 

55 

307 

294 

— 429 

—390 

39 

Lysine : 4 

248 

230 

52 

48 

259 

251 

—365 

—301 

64 

Phenylalanine: 4 

268 

248 

55 

48 

266 

267 

—371 

— 420 

—49 

Tryptophane: 4 

264 

244 

53 

47 

269 

288 

— 357 

—328 

29 


Exp. IV. 

Graded doses 

of methionine 



Methionine : 1 

262 

246 

52 

48 

334 

202 

— 162 

—293 

169 

Methionine : 2 

255 

239 

47 

45 

332 

214 

—438 

—270 

168 

Methionine: 3 

213 

195 

50 

45 

236 

149 

—347 

—210 

137 

Methionine : 4 
Methionine: 8 

273 

261 

248 

241 

45 

48 

42 

332 

7 

24.5 

—454 

—308 

9Q?; 

146 

1 


O J / 




lOO 

Methionine ; 1 6 

270 

250 

57 

49 

332 

281 

—480 

—266 

214 

Egg proteins: 15 

255 

241 

47 

45 

298 

216 

—415 

221 

194 

Egg proteins : 30 

256 

242 

48 

39 

309 

236 

— 126 

—135 

291 

Egg proteins: 43 

241 

233 

45 

43 

294 

216 

— 127 

— 44 

383 

Egg proteins : 59 

249 

242 

43 

39 

.301 

228 

—421 

— 13 

408 

Egg proteins : 72 

261 

256 

45 

39 

292 

289 

—410 

-f 70 

480 

Exp. 

V. Physiologically essential groups in 

methionine 


Methionine : 4 

257 

239 

50 

47 

278 

200 

—374 

—248 

126 

Cystine : 4 

241 

224 

51 

47 

256 

197 

—338 

—259 

79 

Choline : 4 

233 

217 

48 

45 

257 

221 

—401 

—276 

125 


^Essential amino acids abbreviated as ‘^Ess. A.A.’^ in column I. 

* Methionine, isolcucine, threonine, valine, and phenylalanine were fed as the 
d^acids. The nitrogen content of the daily dose of dZ-threonine and dMsoleucine 
was 8 mg. 

•Methionine abbreviated as ‘'Me’* in column I. 
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nitrogen excreted when a diet poor in nitrogenous constit- 
uents is fed and the body weight of the animal (Swanson et al., 
’47). Therefore, the data also have been expressed graphically 
in terms of body surface area. 

The difference in the quantity of urinary nitrogen excreted 
in the 2 collection periods by the negative control group prob- 
ably is not significant because the mean excretion per 100 gm 
of body w'eight in each of the 2 periods of low-nitrogen feed- 
ing was 97 mg. Similar results have been obtained in 5 other 
experiments (Swanson et al., ’47). These data show that any 
effects associated with the administration of the nitrogenous 
supplement do not reflect a concommitant change iii the plane 
of nitrogen metabolism. 

Also, other experiments were designed to permit a compar- 
ison in period II of the metabolism in the last 3 days of the 
adjustment period with that in the first 3 days of collection. 
It was found in 4 different studies that the average total nitro- 
gen excreted (mg), respectively, in the adjustment and in the 
first 3 days of collection period II were: 95, 90; 117, 126; 
94, 98; and 107, 108. Apparently then, the adjustment period 
used in the present series of experiments is long enough for 
the stabilization of nitrogen excretion after the nitrogenous 
supplement is added to the diet. 

The data obtained in the present experiment, therefore, 
clearly show that eggs and a mixture of the 10 essential 
amino acids have the common property of depressing the 
nitrogenous excretion characteristic of the protein-free feed- 
ing period (fig. 1). The feeding of each, likewise, shifts the 
negative nitrogen balance of period I. When this change is 
expressed as “body nitrogen spared,” both supplements are 
equally effective in their saving action on body proteins (fig. 
1). The picture justifies the conclusion that the marked effects 
induced by the incorporation of eggs -in the nitrogen-poor 
ration may be ascribed to their amino acid content. 

It is interesting to speculate on the significance of the con- 
cept, body nitrogen spared, as used herein. It has been pos- 
sible to correlate the actual loss in body weight incurred from 
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the second through the last day of the nitrogen-low collection 
period with the quantity of body tissue represented by the 
negative nitrogen balance in the same period. Analyses have 
shown that the average nitrogen content of the carcasses of 
36 rats is 2.6%. This figure was used to convert the value for 



Fig. ] Nitrogen metabolism when egg proteins, a mixture of the 10 essential 
arnino acids, methionine, or a mixture of the 10 essential amino m*ids complete 
except for methionine supplement a basal nitrogen-low ration fed to rats. 


the nitrogen balance, reduced “ by one-seventh to correspond 
witli the 6-day period over which the actual weight loss was 
observed, to its equivalent in body tissue. The observed aver- 
age loss in body weight of the 26 gi’oups of rats used in this 
study during the first metabolism period was 10 gm; that of 
the calculated value, 11 gm, 

® A procedure necessary because food had been restricted in the first day of the 
7-day collection period. 
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The same type of reasoning may be extended to the data 
obtained when the rats received a nitrogenous supplement in 
period II, if a basic assumption is accepted, i.e., that if no 
dietary addition had been made, the rats would have continued 
to lose weight at the same rate as they had in period I. Such 
loss of weight occurred in the negative control group of the 
present experiment as well as in 4 other comparable experi- 
ments when the nitrogen-low diet was fed in both metabolism 

TABLE 2 

Body tissue equivalent of body nitrogen spared when some nitrogenous supplement 
\s added to the protein-free ration of rats partially depleted of 
bodily reserves of protein. 


ADDITION TO 

BASAL RATION 

IN PERIOD II 

CHANGES IN WT. 
PROM 2nd to 

LAST DAY 

OP PERIOD 

BODY WT. 
LOSS PRE- 
VENTED BY 

BODY N 
SPARED 
(>^%) 

TISSUE 
EQUIVALENT 
OP BODY N 


I 

ir 




mff nitrogen/ day 

gm 

grn 

gm 

mg 

gm 

Exp. T. 

Egg proteins 

VS. the essential amino acids 


Basal diet only: 0 

— 8 

—8 

0 

10 

0 

Whole eggs : 60 

10 essential 

—11 

+3 

14 

395 


amino acids: 54 

— 9 

+6 

15 

374 

14 

Exp. TI. 

Role of methionine in 

nitrogen metabolism 


Methionine : 3 

—1.3 

—5 

8 

117 

5 

Methionine : 4 

— 7 

— 7 

0 

108 

4 

Methionine : 4 

—12 

—6 

6 

125 

o 

Average 

—11 

— 6 

5 

117 

5 


periods, the average loss in weight of 23 rats being 9 gm 
in period I and 8 gm in period II. On this basis then, both egg 
proteins and the mixture of the amino acids not only pre- 
vented the substantial weight loss (— 8 gm) that would have 
been induced by feeding the low-nitrogen diet but caused a 
definite gain in weight from the beginning to the end of the 
6-day interval (table 2). Theoretically, the loss in weight 
prevented by the supplement plus the actual increment should 
be equivalent to the body tissue represented by body nitrogen 
spared, i.e., the difference between the nitrogen balances in 
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the 2 periods. That such is the case is shown by the data pre- 
sented in tabic 2. 


Experiment II 

The role of methionine in nitrogen metabolism 

The effect of the addition of methionine to the basal ration 
was checked in 3 different experiments. Supplementary methio- 
nine equivalent to 3 mg of nitrogen was fed daily in 1 test ; to 4 
mg, in the other 2 tests. In each experiment, a marked and 
nearly identical depression in the amount of urinary nitrogen 
followed the introduction of the supplement (table 1). The ef- 
fect was as pronounced as that induced by the addition of egg 
in spite of the fact that the quantities of nitrogen furnished 
by the 2 supplements were of different order, i.e., 60 mg vs. 
3 or 4 mg per day (fig. 1). Allison and his co-workers (’45) 
have also observed that the dog, if adequately depleted of its 
labile stores of nitrogen, re.sponds similarly to the adminis- 
tration of methionine. It is important to note, however, that 
while methionine has some ability to spare body tissue (fig. 
1), it is much less effective than either egg proteins or the 
mixture of amino acids. This is not a surprising observation 
since the metabolic requirements of the body certainly must 
be far too varied to permit their satisfaction by any one amino 
acid. The data indicate, also, that deductions as to the body 
sparing effect of any nitrogenous dietary material should not 
be made in reference to a reduced excretion of nitrogen in 
the urine only. This may give not only a partial, but a dis- 
torted picture. 

The data depict another interesting phenomenon, i.e., the 
specific capacity of a single substance to reduce losses of 
nitrog’en in the urine concurrent with losses in body Aveight 
(table 2). In this instance, howev'er, losses were reduced in 
magnitude. For example, the 3 groups of rats used in this ex- 
periment, on the average, lost 11 gm from the second to the 
last day of the first metabolism period, and 6 gm in the same 
interval in period II when methionine was fed. Again, on 
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the assumption that losses would have been of the same order 
in the second period as in the first had no methionine been fed, 
its addition to the diet prevented a loss in weight of 5 gm. 
Conversion of body nitrogen spared by the incorporation of 
methionine into the ration to its equivalent in body tissues 
shows that 5 gm of body weight was spared, a figure identical 
with the observed weight loss prevented (table 2). 

The importance of dietary methionine in sparing body tis- 
sue was also demonstrated by observing the effect of its re- 
moval from the mixture of the 10 essential amino acids. Its 
omission caused an increase in the urinary excretion of nitro- 
gen of 110 mg as compared with the decrease of 31 mg which 
followed the feeding of the complete amino acid mixture. Some 
of the iTioomplete mixture was none-the-less utilized since 
of the 259 mg of available nitrogen fed over the 7-day period, 
149 mg did not appear as extra nitrogen in the urine. In 
a similar experiment, Robscheit -Robbins and Miller ( ’46) 
found that the administration of an amino acid mixture com- 
plete except for methionine caused an increase in the amount 
of nitrogen excreted in the urine. 

Data in table 3 show that methionine behaves like egg pro- 
teins in decreasing the excretion of creatinine. 

* 

TABLE 3 

Urinary excretion of creatinine when the basal low-nitrogen diet is fed (Period I) 
and when the same diet is supplemented with dried whole eggs 
or methionine (Period II). 


ADDITION TO 
basal ration 

IN PERIOD II 

creatinine excreted IN THE 7-DAY COLLECTION PERIOD 

Period I 

Period 11 

Decrease in excretion 

mg nitrogen! day 

mg 

mg 

mg 

Egf? proteins: 60 

106 

82 

24 

Methionine : 4 

97 

70 

27 


Experiment III 

Methionine vs. other essential amino acids 
In testing the relative effectiveness of the amino acids con- 
sidered essential for the nutrition of the rat, each was offered 
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in a dose that supplied 4 mg of available nitrogen per day, a 
quantity suggested by the work of Wolf and Corley ( ’39). 

Data presented in table 1 and figure 2 show that methionine 
was outstanding in its ability to decrease urinary losses of 
nitrogen. The other amino acids depressed its excretion in 
varying degree. 


1 METHIONINE 4 HISTIDINE. 7. VALINE. 

2 ISOLEUCINE. 5 THREONINE 8. LYSINE 

3 ARGININE 6. LEUCINE 9 PHENYLALANINE 

10. TRYPTOPHANE. 



A NITROGEN IN URINE. 



B BODY NITROGEN SPARED 


Fig. 2 Nitrogen metabolism when each of the 10 es.sential amino acids sup- 
plements a basal nitrogen-low ration fed to rats. 


The data are even more interesting when translated in terms 
of body-sparing action (fig. 2). Why phenylalanine, valine, 
and tryptophane are the least effective members of the group 
is difficult to explain. Indeed, phenylalanine seems to stimu- 
late the breakdown of body tissue, a finding that suggests 
that the feeding of the acid may lead to the synthesis of the 
related amino acid, di-iodotyrosine. Unavoidable reduction 
of the number of animals in the valine group to 2 rats may 
be reflected in the results obtained from feeding this acid. 
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The appearance of a bright yellow pigment in the urine of 
rats fed tryptophane is further evidence of the difficulty the 
animals experienced in utilizing this amino acid under the con- 
ditions of the experiment. The substance excreted, in this 
instance, was not xanthurenic acid, a compound that may 
appear in the urines of pyridoxine-deficient rats fed trypto- 
phane (Lepkovsky, Roboz and Haagen-Smit, ’45). 

It is noteworthy that the sum of the quantities of body 
nitrogen spared by each amino acid when fed singly was 476 
mg while the 10 amino acids fed as a mixture spared 463 mg 
(table 1). From this it seems that the various amino acids 
have specific roles in protein metabolism which they fulfill 
whether fed singly or as part of a mixture. 

Differences in the results obtained in this study and those 
in a similar experiment reported by Burroughs, Burroughs 
and Mitchell in 1940 may be explained, it seems to the present 
authors, in terms of relative protein stores, the constancy of 
the plane of nitrogen metabolism in the period of low-protein 
feeding, the lag or hangover in the effect of proteins or amino 
acids on the excretion of nitrogen as observed in rats and 
dogs in subsequent periods of nitrogen deprivation ( Swanson 
et ah, ’47 ; Allison, Anderson and Seeley, ’45) and of the 
repeated use of the same animals without realimentation in 
successive experiments. 

Experiment IV 

Effect of feeding graded doses of supplementary 
methionine 

Unlike the progi-essive increases in the quantity of nitrogen 
excreted in the urine that accompany graded increases in the 
quantity of nitrogen fed when many proteins are added to the 
basal diet, egg proteins maintain the depression at about the 
same point no matter whether 1, 2, 3, or 4% of egg proteins 
are furnished in the ration (fig. 3). Only when the diet con- 
tains dried eggs equivalent to 5% of protein does the excretion 
of nitrogen equal that in period I. 
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Data showing tlie effect of methionine wlioii fed in quanti- 
ties that supplied nitrogen ranging from 1 to 16 mg daily are 
presented in table 1 and may be compared with that of eggs in 
figure 3. Care should be exercised in comparing the graphic 
presentations since weight of methionine nitrogen in 1 case, 
and per cent of egg proteins in the other, were used as the 
bases for pictorial arrangement. Trends, however, are clear. 



A NITROGEN IN URINE 



B BODY NITROGEN SPARED 


Fig. 3 Nitrogen metabolism when increasing quantities ol' either methionine 
^Sg proteins supplement a basal nitrogen-low ration fed to rats. 


When methionine was offered at the 6 ascending levels of 
dietary intake, there was a progressive decrease in the de- 
pression in the excretion of urinary nitrogen that ranged from 
35 to 11 mg per 100 cm® of body surface. The data suggest 
that, under these experimental conditions, the methionine re- 
quirement of a rat weighing about 260 gm is 11 mg or less per 
day. If any excess beyond the amount required is excreted, 
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the urinary excretions of nitrogen characteristic of the higher 
levels of intake may be reasonably explained. 

Increased quantities of egg proteins in the diet were asso- 
ciated with an increased sparing of body nitrogen (fig, 3). 
On the other hand, no real difference existed in the respective 
quantities of body nitrogen spared at each level of methionine 
intake as shown by analysis of variance. If the requirement 
is of the low order postulated, it is logical that, however 
large the quantities of methionine ingested, no additional 
body nitrogen would be spared, once the requirement is satis- 
fied. Egg proteins, on the other hand, contafn substances in 
addition to methionine, and as the amount of egg ingested is 
increased, amino acids are provided that also are needed for 
maintenance or for the synthesis of functional metabolites. 

Experiment V 

Physiologically essential groups in methionine 

Is methionine important by virtue of its organic sulphur, its 
methyl group or both? In a comparative test, sulphur in the 
form of cystine and potential methyl group in the form of 
choline were fed as dietary supplements in quantities that 
were equivalent to 4 mg of nitrogen. The quantity of choline 
given was in addition to the amount routinely supplied in 
the vitamin mixture. 

Data presented in table 1 and figure 4 show that cystine 
and choline apparently share with methionine the ability to 
decrease urinary losses of nitrogen and to spare body tissue. 
Any apparent differences are statistically insignificant. This 
finding agrees with the work of Mulford and Griffith (’42) 
which indicates that metabolically the same molecule of methi- 
onine cannot be used as a source of both organic sulphur and 
labile methyl groups. Were the reverse true, one molecule 
of methionine should be able to spare body nitrogen equiva- 
lent to the sum of that spared by cystine and choline in- 
dividually. 
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Fig. 4 Nitrogen metabolism when methionine, eystine, or choline supplements 
the basal nitrogeii-low ration fed to rats. 


Experiment VI 
Tissue analyses 

The carcasses of a group of animals removed from the stock 
colony when 6 months old, of groups fed the ration poor in 
nitrogenous materials for either 18 or 29 days, respectively, 
and of another group maintained first on the basal diet for 
18 days and then on a nitrogen-supplemented diet for 11 days 
were analyzed for nitrogen and methionine. Two nitrogenous 
supplements were fed, i.e., egg equivalent to 42 mg of nitrogen 
and methionine equivalent to either 1, 2, 4, or 16 mg of nitro- 
gen per day. Data obtained from these groups permitted com- 
parison of total carcass nitrogen at the beginning of the bal- 
ance test, at the end of period I in the experiment, at the end 
of the second metabolism period in whieh a nitrogenous 
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supplement was ingested, and at the end of the second metab- 
olism period when no supplement had been offered. 

Data pertaining to these experiments are presented in 
table 4. It may be seen that the nitrogen content of the whole 
carcasses decreased from 8.38 gm to 6.41 gm as the result 
of feeding the nitrogen-low diet for 18 days. The body weight 
declined correspondingly. Neither the feeding of the basal 
diet for an additional 11 days nor the administration of sup- 
plementary methionine for the same period had any further 
effect on the nitrogen content of the carcass. The addition 

TABLE 4 

Average nitrogen and methionine present in carcasses of rats at different intervals 
of the balance test' following the feeding of either a nitrogen-poor or 
a nitrogen-supplemented ration in period II. 


AFTKR 1 1 DAYS SlTPPIiEMlCNTAL 

AT RRniV after N-LOW feeding following 18 DAYS 

NINO OF feeding FOR ON N LOW DIET 


(3 RATS PER GROUP) 

TEST 

PERIOD 

18 

days 

29 

days 

42^g egg 

Mg Me N per day 




day 

1 

2 

4 

16 

Av. body wt., gm 

326 

253 

249 

289' 

233 

226 

235 

225 

Total N, gm 

8.38 

6.41 

6.69 

7.75 

6.67 

6.25 

* 5.52 

6.37 

N, gm % 

2.58 

2.52 

2.68 

2.69 

2.86 

2.77 

2.36 

2.82 

Total Me, mg 

182 

132 

132 

159 

144 

123 

123 

145 

Me, mg % 
Methionine N 

56 

52 

53 

55 

62 

54 

51 

63 

Tot^ N ~ 

2.2 

2.1 

2.0 

2.1 

2.2 

2.0 

2.2 

2.2 


* The rats in this group were large, weighing 296 gm after the feeding of a low- 
nitrogen ration for 18 days. 


of egg proteins to the diet for 11 days, however, brought the 
nitrogen content of the carcass to 7.75 gm. 

The total methionine content of the carcass fell during the 
.first 18 days that the nitrogen-low diet was fed, and the data 
seem to indicate that no further changes were induced there- 
after, regardless of whether the animal was continued on 
the ration poor in nitrogen or whether it was given the basal 
diet supplemented with methionine. Apparently the body 
sparing action of methionine (fig. 4) is not related to a gain 
in either the total nitrogen or the methionine content of the 
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carcass. This observation is in accord with the relatively 
small amount seemingly required by the adult rat. 

The findings suggest that methionine either serves in the 
fabrication of essential metabolites contributing little nitro- 
gen to the total value of the carcass or acts as a catalytic 
agent governing essential processes. After the basal need is 
met, the methionine may then be used in the regeneration 
of body tissues providing the other building stones are present, 
as indicated by the fact that the methionine content of whole 
carcasses of rats fed egg proteins is higher than that of 
those fed the basal diet alone or the basal ration supple- 
mented with methionine. The ratio of methionine nitrogen of 


TABLE 5 

Average weighty total nitrogen content^ and methionine content of livers extirpated 
from rats at end of each period of the balance test, 4S mg of methionine 
supplementing the ration in period II. 


NO. 

OF 

RATS 


BODY 

WT. 


WT. OF 
FRESH 
LIVER 


WT. OF 
DRY FAT- 
FREE 
LIVER 


TOTAL 
NITROGEN 
IN LIVER 


NITROGEN TOTAL 
IN DRY METH* METHIONINE N 

FAT-FRBB 10 NINE TOTAL N 

LIVER IN LIVER 


ffm gm gm mg % mg % 

N-low*diet for 18 days 

4 267 6.41 1.50 127 8.46 41 3.00 

N low diet for 18 days followed by methionine suj^plenieritatioii for 11 days 

5 290 6.96 1.47 154 10.4 50 2.94 


the carcass to its total nitrogen content remained unchanged, 
i.e., 2.1, in spite of any dietary manipulation imposed. 

Methionine feeding for the last 11 days of the metabolism 
test apparently is associated with the elaboration of some 
hepatic tissue. Average weights of the dry fat-free livers of 
the animals killed at the end of each experimental period were 
approximately the same. However, the livers of the animals 
fed the nitrogen-low diet for 29 days contained 127 mg of 
nitrogen and 41 mg of methionine as against 154 mg and 50 
mg, respectively, when their ration contained methionine 
(table 5). 
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It may be recalled that the loss of large quantities of nitro- 
gen through the urine- during the period of protein depriva- 
tion in the metabolism test was accompanied by an equivalent 
loss in body weight, and that the addition of methionine to 
the diet although not preventing these losses did decrease their 
magnitude. In addition, the quantity of methionine present 
per gm of dry fat-free gastrocnemius muscle was constant in 

TABLE 6 


Methionine content of the gastrocnemius muscle of rats analyzed at different 
intervals of the balance test following the feeding of either a 
nitrogen-poor or a nitrogen-supplemented ration in period II. 


INTERVAL OF feALANCR TEST 

METHIONINB/OM DRY 
FAT-FREE MUSCLE 


mg 

Beginning of experiment 

38 

End of period Ij N-low diet, 18 days 

36 

End of period II 

N-low diet, 29 days 

37 

Egg supplement, 18 days 

35 

Me supplement, 18 days 


1 mg Me N/day 

38 

2 mg Me N/day 

36 

4 mg Me N/day 

38 

8 mg Me N/day 

38 

16 mg Me N/day 

38 


all experimental groups (table 6). These observations sug- 
gest that when methionine is not provided in the diet, the 
animal cannot selectively remove methionine from its tissues 
to meet its requirement for the amino acid. Instead it breaks 
down complete protein units to secure this vital substance, and 
throws away in the urine a large portion of the remaining 
molecule. 

SUMMARY AND CONCLUSIONS 

A marked reduction in the quantity of nitrogen excreted 
in the urine by standardized rats partially depleted of their 
bodily reserves of protein follows the introduction of whole 
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eggs into a protein-free ration. This effect may be ascribed 
to the amino acid content of the supplement. It has been 
shown that the influence of an equivalent quantity of nitrogen 
supplied in the form of the 10 essential amino acids is as 
marked as that of eggs providing 3.5% of dietary protein. 
Depressions in the excretion of urinary nitrogen lead to a 
marked sparing of body tissue. The validity of the concept, 
“body nitrogen spared,” has been tested by relating changes 
in the nitrogen balance in the 2 metabolism periods to changes 
in body weight. 

Cystine, choline, and all of the essential amino acids except 
phenylalanine, valine, and tryptophane exert some action in 
sparing body nitrogen. Of the group, methionine is the most 
powerful in this respect. No single amino acid, however, 
can be very important quantitatively in sparing body tissue 
in the partially depleted animal, in view of the complex 
demands of the body for the synthesis of its structural and 
functional components. Egg proteins and a mixture of the 
essential amino acids are much more effective in this respect 
than is any individual amino acid, as indicated by the quanti- 
ties of body nitrogen spared and by restoration of weight loss 
when the nitrogen-poor ration was fed. 

Analyses of whole carcasses, liver, and muscle of adult rats 
suggest that the effect of methionine in nitrogen metabolism 
is specific. Continued loss in body weight, the lack of change 
in the total nitrogen content of the carcass, the constancy of 
the ratio of methionine nitrogen to total nitrogen of the car- 
cass, and the increment in hepatic tissue when methionine is 
fed to the depleted animal point to the possibility that this 
amino acid does not act in the general maintenance of body 
tissues but in the synthesis of functional proteins and im- 
portant metabolites. 
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After it had been shown that vitamin E spares vitamin A 
in the economy of the rat (Harris et al., ’44; Hickman et al., 
’44a, b), it seemed to us that the dairy cow would be the best 
animal for continuing the experiments. The cow derives vita- 
min A solely from the carotene of her feed, and the efficiency 
of utilization, judged by the final transfer to the milk (about 
3% ), is notoriously low. If the vitamin status or general health 
of the cow — particularly of bam-fed animals in wintertime — 
could be benefited by extra vitamin E, this simple procedure 
would ultimately have wide repercussions in human nutrition. 

At the start of the project we believed that both carotene 
and vitamin A would be found in higher concentrations in the 
milk of animals given vitamin E. Vitamin A has been fed to 
cows by various experimenters in the hope of achieving the 
same end (Deuel et al., ’42). Accordingly, we included vitamin 
A and mixed A and E supplementation in our study. Our 
preconceived objectives were not realized but we found such 
a significant increase in the production of butterfat and such 
an improvement in the health of the herds that we continued 
the experiment with open mind. 

‘Communication no. 102 from the laboratories of Distillation Products, Inc., 
Rochester, New York. 
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The technique of using cows on farms in our vicinity proved 
extraordinarily difficult and it was only after several failures 
that we began to get trustworthy results. For instance,' in 
our earliest study tha farm manager observed that the cows 
in one of the groups after about 6 weeks of vitamin E supple- 
mentation had much better appetites and healthier looking 
hair and hides. ansferred all the groups to tocopherols 
without telling , At another farm the veterinarian gave our 
experimental a-imals intramuscular injections of vitamin A, 
without our knowing it. 

After various experiences of this kind, we finally arranged 
for the use of a herd of 75 registered Brown Swiss cows.^ 
We had complete control of the diet and did all supplement 
feeding, milk sampling and record keeping. The only restric- 
tion made by the owners was that we refrain from taking fre- 
quent blood samples, with which we had hoped to follow the 
vitamin concentration in the plasma parallel with that in the 
milk. 

The form in which the vitamin supplements were fed proved 
to be of considerable importance. Merely placing measured 
volumes of oil concentrates of vitamin A or E on the feed in 
the manger was unsatisfactory. Some cows nosed the oily feed 
aside and refused it entirely while others ate only part of the 
supplement. Parenteral administration was not desirable 
because of the relatively poor utilization of fat-soluble vita- 
mins when injected as compared •with oral administration. 
Simple adsorption of the vitamin concentrates on flour or 
small portions of grain mixtures allowed for easy feeding 
but the vitamins proved to be unstable exposed in this way. 
The problem was Anally solved by the use of specially manu- 
factured powdered concentrates of vitamins A and E which 
had been stabilized against destructive' oxidation.® Measured 
quantities of these dry vitamin concentrates were spread on 

* Mr. E. Merrill and Mr. P. Boberta of Forest Farms, Webster, New York, were 
exoeeding^ly cooperative and helpful in permitting the use of their dairy herd. 

* ‘^Myvadry,'* manufactured by Distillation Products, Inc. 
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the grain mixture once daily. In no instance did the animals 
refuse to consume the supplements completely. 

Milk produced by each cow •was carefully weighed at each 
milking on a Chattillon balance and the amount recorded. 
It was analyzed for butterfat twice each month, once by the 
licensed state tester and once in our o'wn laboratory. The 
official Babcock test was used. Milk samples representative of 
the day’s total output were analyzed every 2 weeks or oftener 
for vitamin A and carotene by the method of Koehn (’40). 
Calibration curves were constructed using a standard vitamin 
A ester concentrate and crystalline 3-carotene. Consequently, 
analytical results were determined in terms of micrograms of 
vitamin A and of carotene. Although this is the preferable 
method of reporting results we have converted the values to 
“international units’’ to facilitate comparison with published 
figures. To convert micrograms of vitamin A to international 
units the conversion factor 3.5 was used. A factor of 1.67 was 
employed to change micrograms of carotene to international 
units. The calculation of “4% milk’’ was made using Gaines’ 
formula (’28) namely “(pounds milk produced X 0.4) -j- 
(pounds fat produced X 15.0) = pounds 4% milk.’’ 

The cows were grouped insofar as possible according to age, 
stage of lactation, and relative amount of milk produced. They 
were fed grain throughout the year, even while on pasture 
from May through August. During the rest of the year they 
received corn silage and chopped, field-cured hay. Their feed 
was analyzed occasionally for carotene content and found to 
vary considerably. As a reasonable average value for vitamin 
A intake during stall feeding we used 550,000 units per day, 
of which approximately 40% was furnished by silage, 1% 
by the grain mixture, and 59% by hay. 

Effect of vitamin E on fat concentration of milk 
and on milk output 

It became evident in our preliminary experiments that the 
cows receiving extra amounts of vitamin E secreted milk with 
higher fat concentration. This increase was fairly large and 
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regular. Conversely, the volume of milk secreted by the vita- 
min E supplemented cows was usually slightly reduced. How- 
ever, the overall change in production on the basis of “4% 
milk” was almost invariably an increase. An experiment was 
therefore set up to test the significance of the increase of 



0 12 3 

TIME ( MONTHS AFTER START OF VITAMIN 


SUPPLEMENTATION) 

Fig. 1 Effect of vitamins A and E supplementation on the output of 4% milk 
by matched groups of Brown Swiss dairy cows. 

“4% milk” production. Pour groups were selected, each con- 
taining 4 carefully matched cows, and each group was sup- 
plemented in a different way Avith vitaifiins as shown in 
figure 1. The cows Receiving vitamin E for more than 1 month 
of feeding maintained their milk production above the usual 
rate of decline. Cows receiving vitamin A and, surprisingly, 
vitamin A plus vitamin E did not show this effect. The cows 
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in this experiment were not used after 3 months of supple- 
mentation because several in each group had passed their 
ninth month of lactation. 

Following this confirmation that vitamin E increased milk 
and fat output the experiment was repeated using a larger 

TABLE 1 

Effect of vitamin E supplementation on hutterfat concentration. 

NO, AVERAGE BUTTEBFAT % FAT CONCENTRATION OF MIDK PRODUCED ( % ) 


OF DURING PREVIOUS 

COW LACTATION (300 DAYS) 

1 * 

2 

3 

4 

a 

6 



Group I control 





1A3 

4.14 

3.3 

3.2 

3.6 

4.0 

3.8 

3.5 

1B4 

4.14 

2.7 

3.0 

2.1 

3.2 

4.9 

2.9 

1C3 

3.44 

3.3 

3.2 

3.8 

3.5 

3.7 

4.0 

1D6 

4.38 

4.2 

3.5 

3.8 

3.7 

3.8 

2.3 

1E7 

3.66 

5.0 

3.4 

2.5 

3.5 

3.1 

3.4 

in 

4.21 

2.5 

2.8 

4.3 

3.1 

4.0 

3.8 

IG6 

4.38 

4.2 

3.5 

3.8 

3.7 

3.8 

2.3 

Monthly average 

4.05 

3.60 

3.23 

3.41 

3.53 

3.87 

3.17 

Total average 





3.47 




Group IV vitamin E supplement 




4A31 

4.44 

4.4 

4.4 

4.2 

4.3 

4.0 

4.3 

4B.34 

4.71 

5.0 

5.0 

4.5 

3.7 

4.3 

4.2 

4C.30 

3.87 

44 

4.7 

5.1 

4.6 

4.3 

4.5 

4035 

4.35 

5.5 

4.7 

4.7 

4.2 

4.0 

4.0 

4E36 

3.97 

3.6 

3.3 

3.5 

3.6 

3.5 

3.7 

4P34 

3.87 

5.0 

4.5 

3.7 

4.3 

4.2 

3.7 

4G33 

3.87 

5.3 

5.3 

5.2 

5.2 

5.6 

5.4 

Monthly average 

4.15 

4.77 

4.56 

4.41 

4.27 

4.27 

4.26 


• Total average 4.42 


‘ Figures refer to calendar months during experiment. 

number of matched pairs of cows which were not so far ad- 
vanced in lactation. One group was used as controls while 
the animals of the other group were fed 1.0 gm extra of natural 
mixed tocopherols daily. The findings are shown in tables 1 
and 2. Analyses of variance (Bliss and Marks, ’39) of these 
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data confirm the fact that both butterfat concentration and 
“4% milk” production are significantly (P==<0.05) in- 
creased by tocopherol supplementation. 

TABLE 2 

Effect of vitamin E supplementation on output of milk.^^ 


NO. AVaSAOt PRODUCTION 

OP DURING PRBVIOU8 

COW LACTATION (300 DATS) 


PRODUCTION OP "4% MILK" 

(lbs. /day) 


] 1 

2 

3 

4 

5 

6 



Group I control 





(m,/day) 







1A3 

37.62 

37.03 

36.64 

32.19 

34.P6 

30.51 

27.48 

1B4 

30.61 

29.57 

33.09 

24.98 

29.90 

25.65 

20.60 

1C8 

37.07 

37.00 

36.60 

30.51 

27.50 

26.47 

27.13 

1D9 

25.61 

46.18 

42.91 

34.40 

34.56 

30.42 

29.85 

1E7 

36.71 

57.73 

50.74 

38.41 

39.P0 

34.01 

31.28 

IPl 

37.66 

36.64 

35.47 

45.11 

31.07 

30.84 

28.29 

1G6 

25.61 

52.20 

44.40 

43.70 

40.24 

34.60 

29.50 

Monthly 








average 

32.97 

42.34 

39.98 

35.61 

34.02 

30.36 

27.73 

Total average 

32.97 



35.01 




Group IV vitamin E supplement 




4A31 

27.13 

42.63 

47.93 

45.08 

42.80 

36.52 

36.46 

4B34 

34.04 

62.10 

59.80 

53.79 

51.06 

44.36 

40.59 

4C30 

21.86 

34.34 

28.31 

31.07 

32.34 

30.45 

30.96 

4D35 

33.90 

61.90 

59.51 

57.86 

54.58 

51.38 

54.81 

4E36 

30.93 

32.59 

34.25 

33.91 

31.91 

31.82 

28.83 

4F38 

34.04 

69.80 

53.79 

50.06 

48.36 

40.59 

36.12 

4G39 

30.30 

41.14 

38.40 

36.78 

34 06 

32.78 

33.23 

Monthly 








average 

30.31 

47.79 

46.00 

44.08 

42.16 

38.23 

37.29 

Total average 

30.31 



42.59 




* Figures refer to calendar months during experiment. 


It should be pointed out that the experiment from which the 
data in tables 1 and 2 were obtained was conducted throughout 
the 1-year period from February, 1945, to February, 1946. The 
supplements were given during the summer months of pasture 
feeding as well as during the winter months of stall feeding. 
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Unexpectedly, the effects of additional tocopherol persisted 
even through the period of pasture feeding. 

In general, the increase in “4% milk” output due to toco- 
pherol supplementation varies from 5 to 15%. However, the 
increase in fat concentration induced by tocopherol ranges 
between 10% and 40%. Figure 2 shows the butterfat levels 
in 3 matched groups of 6 cows each, studied for 21 months. It 
is evident that the additional tocopherol has induced a 
metabolic change which is reflected in an increase in fat con- 
centration in the milk. That this effect is rather rapid was 



demonstrated by several tests of the cross-over type. Indivi- 
dual cows in the vitamin E supplemented group ceased re- 
ceiving a supplement, and cows in the control group were given 
vitamin E. Ten days after the changes were made there were 
noticeable changes in fat concentration in the milk. Upon 
returning to the original feeding program the fat concentra- 
tions were reversed, again within 10 days. 

Further confirmation of this effect of vitamin E on milk- 
fat production was obtained in a short experiment at the 
Silver Forest Farm in Forestville, New York.^ Four closely 

*We appreciate the kindness of Mr. L. Hawkins and Mr. I. Bodge in allowing 
us to report these data. 
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matched trios of registered Guernsey cows were used. The 
groupings and production data are shown in table 3. Cow 1 
in each trio was used as the control and received no supple- 
ment. Cow 2 received 1.0 gm of vitamin E daily in the form 


TABLE 3 

Output of milk** ky Guernsey cows as affected hy vitamin E supplementation. 



cows ^ 


GROUP OB TRIO KUMBSB 

AVXRAGX 

1 

2 

3 

4 


1 

12-39 

1-39 

3-43 

6-43 


Bate of birth 

2 

8-41 

1-40 

7-42 

1-43 


(month and year) 

3 

10-42 

12-37 

6-43 

8-42 



1 

4 

4 

1 

1 


Lactation 

2 

3 

4 

2 

1 



3 

2 

6 

1 

2 



1 

11-45 

11-45 

11-45 

11-45 


Bate of freshening 

2 

12-45 

11-45 

11-45 

10-45 



3 

12-45 

11-45 

12-45 

10-45 


Production during 

1 

47.2 

46.2 

30.3 

40.0 


January, 1946 

2 

54.5 

57.5 

33.2 

22.6 


(average lbs. milk/day) 

3 

50.8 

51.3 

32.1 

24.8 


Milk >f at concentration 

1 

4.30 

5.58 

5.70 

4.97 


during January, 1946 

2 

5.52 

4.68 

4.00 

4.90 


(average % fat in milk) 

3 

4.59 

4.65 

5.26 

4.90 


4% milk produced during 

1 

49.33 

57.17 

38.09 

45.85 


January, 1946 

2 

60.95 

63.35 

33.20 

25.70 


(lbs.) 

3 

55.25 

56.37 

38.18 

28.06 


Change in production of 

1 

—18.0 

—26.6 

—26.0 

—14.1 

—21.2 

4% milk, compared with 

2 

—10.9 

—14.3 

—14.3 

—5.8 

—11.3 

that of Jan., in Feb. (%) 

3 

—9.4 

—1.8 

—14.2 

—9.1 

—8.6 


1 

—10.9 

—24.8 

—26.1 

—16.0 

—19.5 

Change in March (%) 

2 

—7.7 

—16.7 

—19.2 

—4.4 

—12.0 


3 

—1.7 

—12.8 

—22.7 

—8.5 

—11.4 


1 

—23.9 

—32.8 

—36.8 

—20.9 

—28.6 

Change in April (%) 

2 

—9.6 

—20.0 

—24.8 

—10.0 

—16.1 


3 

—12.2 

—25.1' 

—23.6' 

—11.6 

—18.1 


' Cow 1 in each trio received no supplement and was the control. 

Cow 2 in each trio received 1.0 gm of mixed tocopherols, of which 10% was in 
the a- form. 

Cow 3 in each trio received 1.0 gm of tocopherols, of which 60% was in the 
a- form. 
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of a concentrate of mixed natural tocopherols, chiefly y- and 
5-tocopherol with 10% a-tocopherol. Cow 3 received the same 
amount of vitamin E in the form of a concentrate of mixed 
natural tocopherols (60% a-toeopherol) similar to that used at 
Forest Farms. The supplements were begun February 1, 
1946. The production level for January, 1946, for each cow 
was used as the base value and changes from this constituted 
the criterion of response due to supplementation. Figure 3 



Pig. 3 Effect of vitamin E on the output of 4% milk by matclied groups of 
Guernsey cows. 
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shows these changes and indicates that: (1) vitamin E bene- 
ficially influenced “4% milk” production in Guernsey cows, 
and (2) the y- and S-tocopherol concentrate low in a-tocopherol 
seems equally effective for this purpose. The differences in 
“4% milk” production recorded in figure 3 between the control 
group and the 2 vitamin E supplemented groups were statis- 
tically significant (P= <0.05). 



Pig. 4 Changes in concentration of vitamin A and carotene in milk due to 
vitamin supplementation. The dashed portions of the curves indicate a period of 
2 weeks in December, 1944, during which the cows were not supplemented. 


Effect of vitamins A and E on concentration of 
vitamin A and carotene in milk 

Data for this are shown in figure 4. It seems obvious that 
insofar as the concentration or the total output of vtamih A 
per se is concerned, vitamin E caused no increase. The average 
increase in vitamin A above the controls for both the A and 
the A -f E groups is about 75%. The vitamin E group aver- 
aged about 10% higher in vitamin A concentration of milk 
than the control group, but ^ince .the increase occurred all 
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at the beginning of the period as shown in the curves in 
figure 4 it is not considered significant. 

The effect of vitamin E on carotene concentration in the 
milk was somewhat different. It is now well established that 
large doses of vitamin A depress the level of carotene in the 
blood and milk of dairy cows (Deuel et al., ’42). This is con- 
firmed in figure 4 where the carotene level of the vitamin A 
group is 33% below that of the control group. However, when 
vitamin E was fed simultaneously with the vitamin A the 
depression of carotene was not so pronounced; it was about 
23% lower on the average than that of the control group. 
Vitamin E alone did not affect the carotene of the milk. There 
is rather great variability of response in these experiments, 
but since the trend is constant and has been confirmed in 
shorter tests it seems reasonable to conclude that \vhen vita- 
min E is administered with vitamin A the carotene concentra- 
tion in the milk is lowered only two-thirds as much as when 
vitamin A is fed alone. 

The overall efficiency of transfer ® of carotene from feed to 
vitamin A potency in the milk is shown in figure 5. The for- 
mula used is as follows; 

* * Efficiency of transfer ^ * = 

I.U. secreted by supplemented cows — I.U. secreted by control cows 
I.U. of A in daily supplement 

The bar graph at the top of figure 5 shows the apparent var- 
iation in efficiency of transfer over a 15-month period. First, 
however, it should be noted that the overall average efficiencies 
for the A-fed group and the group fed A + E are essentially 
the same, about 2.4%. The efficiency percentages vary during 
the year from as much as 6% in the winter (January and 
February) during stall feeding to less than 1% in the summer 
(June and July) when fresh pasturage is available. 

The absolute values and seasonal variations for the average 
concentration of vitamin A potency (vitamin A per se plus 

* I.U* secreted equals the sum of the carotene and the vitamin A in international 
units contained in the milk secrqted daily. 
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carotene) in the milk of the control group are also of interest 
(fig. 6). For example, the maximum average concentration 
(approximately 1,800 units per quart) occurs in the period 
from June through October and rapidly drops to a minimum 
(800 to 900 units per quart) in the period from January 
through April. This means, of course, that the milk con- 
sumer may obtain milk in the winter which furnishes him with 
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Fig. 5 Influence of vitamin A vs. vitamin A and £ in effecting transfer of 
vitamin A patency into the milk. 

t Average number of I.U. of vitamin A potency secreted per day per cow 
(vitamin A + carotene). Increase in vitamin A potency (vitamin A -f carotene) 
of milk related to vitamin A in daily supplement. 

* Increase in vitamin A potency (vitamin A plus carotene) of milk related to 
vitamin A in daily supplement. 


only 50% of the vitamin A potency of summer milk. These 
variations are also shown in figure 6, expressed on the basis 
of butterfat. Carotene contributed about 34% of the total 
vitamin A activity of the milk (Lord, ’45). This varied from 
25% in the winter to 40% in the summer. 

Eeferring again to figure 5, it is evident that supplementa- 
tion of the dairy cow with 250,000 units of vitamin A per day 
during the winter is not enough to maintain the vitamin A 
potency of the milk at the summer level. Deuel and co-workers 
(’41) have previously noted this and, state that the diet of the 
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cow must be supplemented with at least 700,000 units of vita- 
min A to achieve a significant increase in vitamin A concen- 
tration in the milk. In experiments not reported in detail in 
this communication, we have fed vitamin A supplements of 
500,000, 750,000, and 1,000,000 units per day. The 2 higher 
levels were necessary to maintain the vitamin A potency at 
summer values. This, of course, would not be economical as 
a means of supplying vitamin A to the consumer. It should 
be done only if there is evidence that it improves the general 



Fig. 6 Changes in total vitamin A potency of milk and of butter fat of Brown 
Swiss control cows. 


General effects of vitamin E supplementation 

Impressions and opinions of the herdsman and farm man- 
ager, although subjective in nature, are also of considerable 
value in evaluating the responses to vitamin E supplemen- 
tation. These men reported that the supplemented cows had 
increased appetites. They also noted that the cows looked 
healthier and more vigorous. Generalized infections were 
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completely absent. There was less mastitis (strip-cup test) 
than in the controls, or in the herds of previous years according 
to the records. The ratio of services to conceptions decreased 
from 5 to 1 in previous years to less than 3 to 1 among the 
supplemented cows. There were no stillbirths and only 1 
abortion. On only 1 occasion was it necessary to remove the 
fetal membrane following parturition. The record for the 
previous year showed 3 stillbirths, 4 abortions, and retained 
placentas requiring the services of a veterinarian after the 
birth of almost every calf. In general, our previous exper- 
ience with other herds, which indicated that supplementation 
with vitamin E or with both vitamins A and E is highly desir- 
ablej has been confirmed in this investigation. 

DISCUSSION 

The benefits to dairy cows of supplementation with vitamin 
E (and A) may be due in part to the effect of these vitamins 
on the microorganisms of the rumen. Vitamin E in particular 
may affect the oxidation-reduction potential of rumen contents 
enough to change the proportions of the various organisms. 
We considered the possibility of this mode of action of vitamin 
E upon finding that very little of the administered toco- 
pherol was secreted in the milk. For example, the tocopherol 
content of summer milk-fat was 42 per gm for control 
cows and between 49 and 53 ng per gm for E-fed animals. 
Winter milk-fat contained about 23 Mg per gm and 47 Mg 
per gm for control and E-fed cows, respectively. Some of the 
tocopherol apparently found its way into the body of the cow 
and was secreted into the milk. The efficiency of this transfer 
is very low; 2% would seem to be a maximum value. However, 
it should be kept in mind that we do not know the optimum 
dose of tocopherol for cows. All of these experiments were 
carried out using 1.0 gm of tocopherol. We have yet to inves- 
tigate the responses at different dosage levels. 

The vitamin E concentration in the blood of the cows was 
determined only at 1 time of the year, during February. The 
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average for the control group was 0.45 mg % and for the 
E-fed group 1.06 mg %. In previous studies on Holstein cows 
the tocopherol levels in the blood of control and E-fed cows 
showed the same difference. The tocopherol level considered 
normal for humans is 1.0 mg or more per 100 ml of plasma 
(Quaife and Harris, ’44), and it is interesting to speculate 
that perhaps the tocopherol supplement was necessary to 
raise the vitamin E nutriture of the cow to normal. 

An interesting sidelight of this study concerns the difference 
in curd formation in the milk from the various groups of 
cows. This will be investigated in detail as soon as possible. 
In brief, the milk from E-fed cows coagulates less quickly 
than milk of control cows, while the milk of A-fed cows coagu- 
lates more quickly. Coagulation is considered as visible 
clotting of the protein and separation of the milk into whey 
and clot. Surprisingly enough, the increase in titratable 
acidity is the same in all of the milks, but invariably the milk 
from the A-fed cows separates more quickly and that from 
the E-fed cows less quickly than that from the control 
cows. It is not impossible that some fundamental change 
in the proteins of the milk has taken place under the 
influence of either vitamin A or vitamin E wliich would ac- 
count for the difference in clotting. 

SUMMARY A^D CONCLUSIONS 

A herd of purebred Brown Swiss dairy cows divided into 4 
comparable groups has been studied for a period of 20 months. 
Three groups received daily supplements of: (1) 250,000 units 
of vitamin A, (2) 1.0 gm of mixed natural tocopherols, and (3) 
both vitamin A and tocopherols, and a fourth group received 
no supplement. Milk production, fat concentration in the milk, 
total fat production, and output of vitamin A and carotene in 
the milk were studied extensively. Shorter experiments were 
conducted on the tocopherol content of the blood and milk 
of the cows. 

Tocopherol supplementation increased milk-f&t concentra- 
tion about 27% and total milk production (“4% milk”) about 
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21%. The same response was induced in Guernsey cows fed 
vitamin E. Only cows in the same stage of lactation and as 
nearly matched as possible in other respects, such as age and 
number of lactations, were compared. 

Supplementation with vitamins A and E was no better than 
with vitamin A alone in increasing the vitamin A per se in the 
milk. However, the decrease in carotene concentration in the 
milk due to the feeding of vitamin A was less severe (approxi- 
mately 23% below the control level rather than 33%) with the 
simultaneous administration of vitamin E. 

The efficiency of transfer of ingested vitamin A and caro- 
tene into vitamin A and carotene in the milk was not increased 
by supplementation with vitamin E alone. The average value 
for a l-year period was 2.4%. This varied from about &% 
in the winter under barn-feeding conditions to less than 1% 
in the summer when fresh pasture was available. The total 
output of vitamin A potency (vitamin A plus carotene) of 
the control cows varied from a maximum value in August to 
30% of this in January. Carotene contributed about 34% 
of the total vitamin A activity of the milk, and this varied 
from 25% in winter to about 40% in summer. General im- 
provement in appearance, reproduction, and health was 
noticed in the parts of the herd supplemented with vitamin E 
and vitamins A and E. 

Finally, in comparing the benefits to be derived from the 
3 types of supplementation, E, A, and E -f A, it must be con- 
cluded that the major benefit in health and milk output was 
derived from vitamin E alone. The only obvious result of 
vitamin A supplementation was to increase the vitamin A 
content of the milk, this at the partial expense of carotene 
content. The combined supplementation of E and A allowed 
the A content of the milk to rise without a pronounced fall 
of carotene, but the increase in butterfat which we have come 
to expect from vitamin E supplementation was entirely re- 
pressed by the vitamin A. Vitamin E therefore emerges as 
the preferred supplement to the ordinary diet of dairy cows. 
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Lactalbumiii is known to be a more nearly complete protein 
and in biolof^ical studies has proved to be a far more efficient 
source of dietary nitrogen than casein (Weech, ’42; Melnick, 
Cowgill and Burack, ’36; Melnick and Cowgill, ’37). It is also 
known that liuman milk is much higher in lactalbumin than 
cow’s milk. The reported composition of average human milk 
varies from about 1.0% lactalbumin and 0.5% casein (ratio 
2; 1) (Williamson, ’44) to about 0.75% lactalbumin and 0.5% 
casein (ratio 3:2), the latter being the most widely accepted 
figure (McLester, ’39; Jeans, ’43). Cows’ milk runs fairly 
constant at about 0.5% lactalbumin and 3.0% casein (ratio 
1:6). It would seem logical that an infant food of a similarly 
high lactalbumin /casein ratio as that of human milk should 
have a higher nutritional value than one based on cows’ milk 
alone. 

A formula of this kind, high in lactalbumin, was devised by 
the partial substitution of whey for milk proteins. Compar- 
ative feeding tests showed unexpectedly, however, that the 
rats on the normal milk (low lactalbumin) diet gained more on 
slightly less food intake than the rats on the high lactalbumin 
diet. This is the reverse of what had been expected. It was 
the object of this investigation to clear up the apparent dis- 
crepancy between the higher biological value of lactalbumin 
and the poorer results in actual feeding when the lactalbumin 
is incorporated into the formula by the addition of whey solids. 
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EXPERIMENTAL 

Feeding tests were carried out with male albino rats of the 
Sprague-Dawley strain, 21 days of age and with a 5-gm weight 
range. They were placed on individual raised screen cages 
and fed the experimental diets for 6 weeks. Food and water 
were given ad libitum and food consumption records were 
kept for the group as a whole. Six animals were fed each 
ration. Weekly weight gains were recorded for each rat and 
the mean as well as standard deviation for the 6-week gains 
reported in the results. This same procedure was followed 
throughout all the experiments. The vitamin and mineral 
supplement was identical in all diets. The protein level in 
all experiments was held below that for optimal rat growth, 
viz., at 12% and in this as in all other respects the diets closely 
approximate the composition of human milk. The data are 
summarized in tables 1 and 2. 

Test no. 1 

This was a comparison of a diet based on milk proteins only 
(Control) with a high lactalbumin diet containing milk plus 
whey proteins (Test). (Columns 1 and 2 in table 1.) 

The increase in rate of growth and the greater efficiency 
in converting the food into body tissue, both indicate a superior 
nutritional value of the control formula. 

In the control diet the lactalbumin/casein ratio was about 
1 : 6 and in the test diet it was 3 : 2 as in human milk. The 
fat content was identical in both formulae but the carbohy- 
drate was slightly different. Four per cent carbohydrates 
were withheld from the test diet, to compensate for the high 
mineral content of the whey (table 2). This slight difference 
in carbohydrates was not deemed important. 

During the experimental period, animals of both groups 
were normal and healthy in appearance, although, the animals 
receiving the test ration containing whey had diarrhea through- 
out the 6-week period. 



Comparative rat fredxng tests with milk and dialysed or nndxalysed whey additive, 


NUTRITIONAL VALUE OP 


DIALYZED WHEY 


431 



S 

'3 

K 

o 


P 

• 4 ^ 

.H 

8 

'S 

np 

I 

d 

1-i 

s 

s 



432 


F. K. DANIEL AND E. H. HARVEY 


To determine the possible influence of the higher mineral 
content on the above results, it seemed desirable to introduce 
the lactalbumin into the diet free of minerals or at least with 
a greatly reduced mineral content. In the customary processes 
for separating lactalbumin from the other whey constituents, 
denaturization occurs and the resulting insolubility is undesir- 
able in infant feeding formulae. To remove the minerals 
without denaturing the protein, a special commercial dialysis 
technique was worked out which reduced the soluble ash frac- 
tion from 5.46% to 1.30%. 

Diets in which this dialyzed whey replaced undialyzed whey 
showed greatly improved growth response. In order to con- 
firm this result, the fraction dialyzed out of the whey (dif- 
fusate) was collected, dried, ashed and was then reintroduced 
to the dialyzed whey to restore the original mineral concen- 
tration. On the assumption that the diffusate minerals are 
the factors responsible for the adverse effect on growth, the 
result of this test may be expected to be similar to that ob- 
tained with undialyzed whey, and this is confirmed by the 
test. 

The ashing eliminates the possibility of an organic growth 
inhibiting factor being responsible, but without a qualitative 
and quantitative determination of the various mineral constit- 
uents removed by dialysis, the question remains unanswered 
which of the minerals is responsible for the adverse effect on 
growth. 

Test no. 2 

This was a comparison of diets containing undialyzed whey 
(Control), dialyzed whey (Test) and dialyzed whey with 
restored minerals (Check) columns 3, 4 and 5 of table 1. 

The composition of the diets in all 3 groups is identical with 
the exception of the minerals. 

The beneficial results of dialysis are evident from an in- 
spection of the data. The rats on the dialyzed whey diet ate 
6% in excess, and gained 19.6% more than those on undialyzed 
whey; in all they showed a 12.8% greater gain in body weight 
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per gm food intake than the rats on the undialyzed whey diet. 
The slight variation in the results of the control group and the 
check group may be due to some changes in chemical composi- 
tion of the minerals brought about by the ashing at high tem- 
perature (700°F). 

The galactose excretion was determined after 5 weeks on 
the experimental diet. During the experimental period, ani- 
mals receiving all 3 diets were normal and healthy in appear- 
ance. Diarrhea was prevalent among the rats receiving the 
test ration only during the first week of experiment. Animals 
receiving the undialyzed whey ration and those receiving the 
dialyzed whey plus the ashed whey diffusate had diarrhea 
throughout the 6-week period. 

TABLE a 

Pro.rtmalf avalysin of vnrfmlys'ed and dudyerd whvv- 


VALUES POUND 



Spray dried whey 
powder 

Spray dried dialy/ed 
whey powder 

Total solids (%) 

96.22 

97.12 

Moisture (%) 

3.78 

2.88 

Ash (%) 

8.93 

4.93 

Protein (N X 6.38) (%) 

11.08 

14.47 

Fat (ether extract) (%) 

1.09 

1.05 

Lactic acid ( % ) 

1.71 

1.33 

(Carbohydrate (l)y difference) 

73.41 

75.34 

Partition of the ash 

Total ash (%) 

8.93 

4.93 

Insoluble ash ( 'A ) 

3.47 

3.63 

Soluble ash (%) 

5.46 

1.30 

Chloride (as Cl) (%) 

1.7.'> 

0.24 

Calcium (as Ca) (9f ) 


0.81 

Phosphorus (as P) (Vr) 


0.67 

Sodium (as Na) (%) 


0.38 

Tests on protein component 

Casein (%) 


Less than 0.1 

Lactalbumin + lactojflolmlin (%) 


14.4 

pH 

5.57 

5 63 

Cal./lOO gm 

355 

374 
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Whey used in these experiments, both the dialyzed and the 
nndialyzed, was from the same hatch of eheddar cheese whey 
which was processed very carefully to avoid denaturization. 
The whey remained completely water soluble even after dry- 
ing. The dialysis treatment was relatively brief, by no means 
exhaustive. Hence, the results reported here for the dialyzed 
whey may not necessarily be the most favorable ones. 

The changes brought about by dialysis may be seen by 
the comparative analysis given in table 2. 

The most significant ditference between the 2 analyses is in 
the amount of soluble ash. The soluble ash is reduced out of 
pi'oportion to -the total ash because a certain fraction of the 
calCTum and phosphorus is an integral part of the protein 
complex and cannot be removed by dialysis. 

In the final test, a diet containing dialyzed whey was com- 
pared with an identical diet without whey, the only variation 
in composition being in the ratio of lactalbumin and casein. 
In order to have the same mineral content of 3.44% in each 
case, 0.78% minerals (Osborne-Mendel mixture) were added 
to the control diet. 

Test no. 3 

This was a comparison of a diet based on milk proteins only 
(Control) with a high lactalbumin diet containing milk plus 
dialyzed whey proteins (Test) (columns 6 and 7 in table 1). 

The animals fed on the test diet ate 11.4% in excess, and 
gained 26.3% more than those on milk proteins; in all they 
showed a 14.5% greater gain in body weight per gm food 
intake than the rats on the control diet. 

During the experimental period, animals in both groups 
were normal and healthy in appearance. Diarrhea was preva- 
lent among the rats receiving the test diet during the first 
week and again during the sixth week. 

CONCLUSIONS 

In normal (undialyzed) whey the biological value of the 
lactalbumin is masked so that it appears to be less than that 
of casein. This may explain why whey is not now being used 
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in infant feeding formulae in spite of the recognized food 
value and desirability of its 2 chief constituents : lactose and 
lactalbumin, and the availability of whey at low cost. In 
dialyzed whey the true biological value of the lactalbumin 
becomes evident, demonstrating its superiority over casein by 
a considerable margin. 

Mineral constituents of the whey are responsible for its low 
nutritional value, which is associated with lessened appetite, 
a tendency for diarrhea and an impaired ability to digest car- 
bohydrates, as shown by the higher galactose excretions. The 
reason for, and the mechanism by which these changes are 
brought about, are not apparent from these tests. 

Rats fed on the dialyzed whey formula showed greater 
appetite than the rats fed on a milk formula only. 

Dialysis is capable of converting whey, a dairy by-product, 
into a highly valuable ingredient for infant formulae. MTiether 
the degi'ee of dialysis arbitrarily chosen here results in the 
best possible product for this or other purposes, remains to be 
determined by future experiments. 

SUMMARY 

1. Partial substitution of whey proteins for casein, in a 
formula resembling human milk, detrimentally affects the 
growth of rats. 

2. Removal of a considerable portion of minerals from 
whey by means of dialysis results in a more favorable growth 
response. On a diet containing dialyzed whey, the rats grow 
12.8% better per gm of food intake than on the same diet con- 
taining undialyzed whey. 

3. If the minerals removed from the whey by dialysis are 
reintroduced to the dialyzed whey after ashing, the rats’ 
gTowth again is impaired. This proves that 1 or more of the 
inorganic constituents, rather than an organic compound, af- 
fects detrimentally the nutritional value of whey. 

4. On a diet in which 53% of casein is replaced by dialyzed 
whey lactalbumin, rats show 14.5% greater efficiency in con- 
version of food to body tissue than rats fed on a corresponding 
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formula containing milk proteins only. This experimental 
result is in agreement with previous work whereas the results 
with undialyzed whey seemed to dispute the well established 
biological superiority of lactalbumin over casein. 
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TWO FIGURES 
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The literature is replete with evidence that casein contains 
but little cystine and that its nutritive value can be improved 
by the addition of small quantities of this amino acid. The 
early findings by Osborne and Mendel ( To) that casein would 
not support as rapid growth in rats at a 9% level as lactal- 
burain is the basis of the oft-cited nutritional superiority of 
mother’s milk to cow’s milk. Marriott and Jeans (’41) state: 
“Human milk contains less protein than cow’s milk, but of the 
total protein present, almost 60% is lactalbumin, as compared 
with about 15% in cow’s milk. Though the proteins of both 
these milks are of high nutritional value, that of cow’s milk 
is of less value than that of human milk, possibly as much as 
20% less.” 

' That portion of the study conducted at Washington University School of 
Medicine was aided by a grant from the Commonwealth Fund. 
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Some divergence from this view is expressed by Gordon, 
Levine, Wheatley and Marples (’37) who found that prema- 
ture babies fed high but equal levels of protein from cow’s 
and mother’s milks retained equal amounts of nitrogen. Har- 
rison ( ’36) fed a low nitrogen intake as cow’s milk to normal 
infants and reported adequate nitrogen retention. 

With the advent of parenteral alimentation and the use of 
casein as one of the principal sources of protein for hydrolysis, 
it becomes particularly necessary to know to what extent 
casein is deficient for human nutrition. The physical problems 
of parenteral alimentation properly emphasize the importance 
of choosing that nitrogen source most efficient for retention. 

The results of animal studies on the addition of cystine to 
casein have never been confirmed in human beings. The only 
report on the nutritional value of added cystine for man is 
that of Pittman (’32) who added 2% of cystine to navy beans 
and found a slightly improved nitrogen retention. In the 
present study, rats, dogs, and human subjects have been em- 
ployed in determining the value of adding cystine or methio- 
nine to a casein hydrolysate. 

EXPERIMENTAL 

Studies on dogs 

In order to simulate the clinical conditions under which the 
hydrolysates would be used parenterally, 2 dogs were de- 
pleted in weight and protein stores by long feeding of the 
Weech-Goettsch low-protein diet (’38) to which was added 
a daily supplement of vitamins and a small amount of com- 
mercial dog food to supply in total 0.04 gm of nitrogen and 50 
cal. per kilo. At the end of the depletion period of 12 weeks, 
the first dog had lost 128 gm of nitrogen, 1.25 kg in weight, 
and had a total plasma protein of 5.6 and albumin 3.8 gm % 
and a hematocrit reading of 48. Toward the end of the sub- 
sequent experimental periods a portion of the food was not 
eaten and the caloric intake was inadequate (see table 1). 
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' The supplement replaced 5% of the hydrolysate nitrogen. 

‘Mixture of essential amino acids devised by Madden et al., J. Exp. Med., 8S: 
• The values obtained at the end of the indicated period are given. 
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A 10% solution of the casein hydrolysate * sterilized by 
Seitz filtration, in an amount calculated to equal the daily 
nitrogen loss during the last few depletion periods was infused 
intraveneously at a constant rate of 1.33 mg N/kg/min. once 
daily for 7 days. During subsequent periods 5% of the hydro- 
lysate nitrogen was substituted by an equal amount of nitrogen 
from 1 of the essential amino acids. Each test mixture was 
given for 7 days. The tabulated results are given in table 1. 
The last 2 weeks of depletion are included in the table for 
comparison. 

The intravenous injection of 1.16 gm nitrogen as the hydro- 
lysate did not lead to a positive balance, but spared about 0.97 
gm of body nitrogen (Period 13). The substitution of a small 
amount of all 10 mixed essential amino acids did not improve 
retention (Period 14). Single amino acids seemed to exert 
a slight improvement but the only important change was 
caused by methionine (Periods 22 and 26). These 2 periods 
with added methionine gave a net nitrogen retention of 0.33 gm 
daily, which is to be compared with the 3 periods on the hydro- 
lysate alone (Periods 13, 25, 27), which gave an average daily 
loss of 0.32 gm nitrogen. The nitrogen balance when valine, 
leucine, lysine and histidine were added was suggestive of im- 
provement (Periods 16, 17, 19 and 23), but this was not con- 
firmed on repetition (Periods 28, 29, 31 and 32). 

The validity of the last few periods in this series is in ques- 
tion since the dog progressively refused to eat, with conse- 
quent drop in caloric intake. In Period 30, the 1.16 gm of nitro- 
gen that had been given intravenously were fed in the form 
of commercial dog food, but a large amount of the carrot diet 
was refused. 

The results with methionine were extended and confirmed in 
a second dog kept on the protein-poor diet for 11 weeks (nitro- 
gen intake 0.04 gm per kg; caloric intake, 50 per kg), during 
which time he lost 6 kg in weight. Nitrogen loss was deter- 

*A11 casein hydrolysate used in this study was prepared by pancreatic digestion 
in a manner previously described (Mueller, Kemmerer, Cox and Barnes, '40). The 
preparation is known under the trade name of Amigen. 





flQ 




fel 


CJi 

o 


P 


1^ 

^1 


X 

§§ 


2 5*^ 

w < s ;5 

> o« 


H X 


w « 

55 « 

O o 


?m2«o 

S « w « 

nu 


a oQ 

25 

S !< 




«:5»r5«>oqo5t>.oq<ooc<iTHoqeococO'<jj'^t^ 

r-ii-5r-ii-4»-4r4rHrHCQoJoiC‘icjC‘ico&ioi©Q 


«Occr^ecoit>;t^»ooqo«Di'-ffOioi>-’<djOiOO 
iri L-i i« lo lo lo MS ITS »o tts o lit lo ire ic lo uii »c 


CJCiOiOaOrHt^rHOi»^t>;OrHOai 

ireTj5riir»iireire'^»reTH'«iJrp»reLreire-<tj< 


os »-l o 

cii-iooooooooooooo 

I M 1 + I + + + + + + + + 1 


O 01 b- *-l O Oi 1^ OO Cl rt< 

ire rc OS 00 ire CO rei Cl ire ?o -t 

ire »re rc CO ^ '>«ii CO CO CO 


o CO 00 i'* to i'* »>• Cl CO Cl Cl 00 ire 

ostoosco'tijtooosiretooostocoos 

^i^^^C.l’^i-Hi-HCOOSrHtOOOcicO 


ooososro*-io 
-- - - »c> 5C> CD to to 


tototoiretotoiretoto 

oooocsoooo 


Tt< i>- to Cl ire CO Cl CO os OS 


o 

"v 


a (-• S c- f- S £ g « 

'1 "i + ”1 + ”1 "i + ° + ® 

QroToQT^arcraj sToaJ 


Cd CO R CQ Ctf 


CO kW 

SOaDCfiQfiCOtOQOBDOBBSOQaOQO 

^ ^ ^ ^ ^ Jb* ,5r* 

'o'o'o'o o'o'o’o © O O O O 


gj njj n3 ^ir nsJ 

^^!;aWWWWWWWttWWW 


w 


441 


25 Hydrolysate, s.c. 53.5 0.59 1.90 13.96 3.64 —0.03 14.7 

26 Hydrolysate + Methionine, s.c. 53.9 0.59 1.90 8.18 2.42 + 0.98 14.7 

27 Hydrolysate, i.v. 54.6 0.60 1.90 10.16 4.08 + 0.47 15.1 
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mined for the last 5 weeks of depletion and averaged 1.90 gm 
daily. Intravenous supplementation with this amount of 
hydrolysate nitrogen (Periods 12 and 13) was followed by 
certain periods in which 5% of the hydrolysate nitrogen was 
replaced with an equal amount of methionine nitrogen. The 
data are given in table 2. It will be noticed that 1.90 gm hydro- 
lysate nitrogen spared 1.68 gm of body nitrogen (Periods 10, 
11 and 13), but the substitution of methionine resulted in 
actual nitrogen retention (Period 14). The improved nitrogen 
retention with the methionine supplement persists whether 
the material is given intravenously (compare Periods 13, 14 
and 15), orally (compare Periods 20, 21, 22, 23 and 24) or 
subcutaneously (Periods 25 and 26). The beneficial effect of 


TABLE 3 

Comparison of nitrogen 'balance after administering casein hydrolysate 
by different routes. 


now 103 

QM NITBOOBN PER DAY 

Nitrogen source 

Oasein 

Hydrolysate 

Casein Hydrolysate 

4- Methionine 

Intravenous (Periods 13, 14, 16, 19) 

— 0.26 

+ 0.37 

Subcutaneous (Periods 25, 26) 

— 0.03 

-f 0.98 

Oral (Periods 24, 21) 

— 0.07 

-f 0.93 


methionine on nitrogen retention persists for at least 2 weeks 
following its withdrawal. This is best shown in Period 21 when 
the oral administration of the hydrolysate with methionine 
resulted in a retention of 0.93 gm daily, and when the methio- 
nine was omitted in 3 subsequent periods, the retention drop- 
ped progressively, -f 0.75, -f 0.15, — 0.07 gm daily. 

The data permit a rough comparison of different routes 
of administration. As shown in table 3, the subcutaneous 
and oral routes give definitely higher retentions than the in- 
travenous. When the hydrolysate was given without supple- 
mentation, intravenous infusion gave a nitrogen balance of 
— 0.26; subcutaneous -{-0.98 (Period 26); and oral +0.93 
(Period 21) gm daily. This difference may be due in part to a 
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greater renal excretion of amino acids or peptides following 
intravenous infusion (Cox and' Mueller, ’46). 

Studies on rats 

Two hydrolysates of casein prepared in an identical manner 
except that 1 was digested with tryptic enzyme from pan- 
creas (Mueller, Kemmercr, Cox and Barnes, ’40) and the 
other with tryptic enzyme from the pyloric caeca of fish 
(Bondouy, 1899), were each fed to 10 young rats at a lev^el of 
1.2% nitrogen (equivalent to 7.5% protein). Additional groups 
were fed similarly except that 2i% ® of hydrolysate nitrogen 
was replaced by an equal amount of cystine and of methionine 
nitrogen, so that the total nitrogen intake (1.2%) remained 
constant. Young albino rats weighing between 35 and 45 
gm, and distributed as to sex and litter, were placed at wean- 
ing on each of the 6 experimental diets. The rats were housed 
in individual wire-bottomed cages and fed tap watei* and the 
diet ad libitum. The basal diet consisted of lard 9.0, salt mix- 
ture 4.0, cod liver oil 2.0, wheat germ oil 1.0, brewers’ yeast 
2.0, thiamine hydrochloride 0.0006, and riboflavin 0.0002%, 
and enough hydi'olysate added to supply 1.2% nitrogen and 
dextrin sufficient to make 100 gm. 

The average weight gains are given in table 4. As expected 
from the early work of Osborne and Jklendel ( ’15) and Wo- 
mack, Kemmerer and Rose (’37), both supplemented diets 
resulted in increased weight gain. Methionine consistently 
gave greater gains than cystine. In order to determine 
that the gain in weight was not due to water or fat reten- 
tion, the rats were killed at 8 weeks, the gastrointestinal 
tract removed with as little loss of blood as possible, and the 
individual rats placed in pint jars and autoclaved under steam 
pressure. They were ground and analyzed individually for total 

“This level was chosen after preliminary experiments in which 1.25, 2.5, 5.0, 
7.5 and 10% of methionine nitrogen had been substituted for an equal amount 
of hydrolysate nitrogen. Growth on the 2 lowest levels was equal, and greater 
than on the other 3, 
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TABLE 4 

Average gain in weight and per gram nitrogen ingested of 10 rats fed 1JS% 
nitrogen for 8 weelcs as an enzymic hydrolysate of casein with 
supplements of cystine and methionine (8^% of the 
hydrolysate nitrogen). 


HYDROl.YSATK EMPLOYED 

AVERAGE 

GAIN IN WEIGHT 

GAIN PER GM N INGESTED 

A 

P 

A 

P 


gm 

gm 

gm 

gm 

Hydrolysate without supplement 

112 

91 

15.7 

14.6 

Hydrolysate with cystine 

131 

115 

18.9 

17.8 

Hydrolysate with methionine 

154 

129 

20.6 

19.0 

Gain due to cystine 

19 

24 

3.2 

3.2 

Gain due to methionine 

42 

38 

4.9 

4.4 


TABLE 5 

Average composition of rats and calculated composition of the gain as total solids, 

protein, ash and fat. 


% COMPOSITION 


COMPOSITION OF THI GAIN IN 
CM PER AVERAGE BAT 


Substance fed Solids Nitrogen Ash Lipids Solids N x 6.25 Ash Lipids 


Hydrolysate A 

40.28 

3.23 

3.85 

Hydrolysate + 
Cystine 

39.09 

3.36 

3.98 

Hydrolysate -f 
Methionine 

39.10 

3.31 

3.76 

Hydrolysate P 

39.08 

3.34 

4.35 

Hydrolysate -f- 
Cystine 

.39.34 

3.28 

4.05 

Hydrolysate -f 
Methionine 

40.63 

3.28 

3.74 


16.77 

4.5.1 

22.6 

4.31 

18.8 

14.50 

51.2 

27.5 

5.21 

19.0 

15.19 

60.2 

31.9 

5.79 

23.4 

14.34 

35.6 

19.0 

3.96 

13.1 

15.08 

45.2 

23.6 

4.66 

17.3 

16.36 

52.4 

26.4 

4.82 

21.1 


solids, ash, protein and fat, using standard analytic methods.'* 
The results are given in table 5. There is no significant dif- 
ference in the per cent total solids, nitrogen, ash or lipids 
when the hydrolysate group is compared with the groups re- 
ceiving additional sulfur-containing amino acids. The actual 

*We wish to express our appreciation to Mr. Charles Wesselman for these 
analyses. 
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composition of the gain shows that there was an absolute in- 
crease in body protein, ash, solids and fat, which paralleled the 
increase in total weight. If the weight of the rat is plotted 
against the quantitative gain in each of these 4 categories, the 
values fall along a straight line, indicating that the gain in 
weight of the methionine and cystine rats was a real gain and 
not due to retention of water or to the deposition of excessive 
fat. 


Observations on htmian beings 

Patients. Four groups of human subjects have been used in 
studying the effect of added methionine. The first group con- 
sisted of 3 patients with pyloric obstruction who were being 
prepared for operation. For the period of this experiment they 
took no food of any kind by mouth and all gastric secretions 
were constantly drained by tube. The patients were all emacia- 
ted, having lost from 20 to 40 pounds in body weight and were 
obviously in need of protein. As the sole source of food, 2 
liters of Amigen 5% in 5% Dextrose Solution were given each 
patient daily for 5 days and the amount of urinary nitrogen 
and that lost by gastric lavage determined daily. No fecal 
samples were excreted since no food was ingested. During a 
second consecutive 5-day period, 3.2 gm of methionine re- 
placed an equal amount of hydrolysate, the same amount of 
total nitrogen and calories being injected daily as in the 5 
previous days. As shown in table 6, 1 of the 3 subjects was in 
nitrogen balance at this level of nitrogen and caloric alimen- 
tation while the other 2 were in slightly negative balance. 
The addition of methionine to the solution of the hydrolysate 
during the second 5-day period actually resulted in a worsened 
balance in 2 of the patients and an improvement in the other. 
From this it was clear that the methionine had had no bene- 
ficial effect on nitrogen retention. 

Normal infants. We were somewhat puzzled at this negative 
finding for methionine and thought that it might possibly have 
been due to an inadequate caloric intake, or to some abnor- 
mality of metabolism related to the existing gastrointestinal 
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disease. With the idea that the beneficial effects of added 
methionine, if any, might be more clearly demonstrated in 
the growing organism, nitrogen balance experiments were 
performed on 2 normal, white, full-term male infants. They 
were maintained on a standard metabolism frame adapted for 

TABLE 6 

Nitrogen balance of 3 male patients with pyloric obstruction being prepared for 
gastric resection. Two liters of Amigen 5% in 5% dextrose solution intravenously 
with and without added methionine (a total of gm nitrogen) were given each 
patient daily. 


PATIKNT PATIBNT PATIENT 


Day 

F : 63 years , 

wt. 45 kg 

H 66 years , 

wt. 51 kg 

M . 62 years , 

wt. 67 kg 



K 



00 



oo 




c 



fS 

0* 



C 

<u 



!z; 

c 

o 

0) 


C 

o 

(L 

55 

s 

o 

g 


>, 

Ui 

b6 

_C 

JO 

c 

S 

u 

ee 

C 

u 

‘E 

to 

S 

.5 

"es 

es 

.5 

o 

'C 

to 

s 

a 


U 

^ A 
O 


- 


55 


a*'' 

55 


gm 

gm 

gm 

gm 

gm 

gm. 

gm 

gm 

gm 




Hydrolysate infusion without supplement 



1 

8.20 

0,68 

-f 3.8 

11.48 

0.44 

-f 0.8 

13.65 

0.50 

— 1.5 

2 

8.27 

1.63 

-i- 2.8 

14.28 

0.12 

— 1.7 

13.89 

0.52* 

— 1.7 

3 

9.80 

1.29 

-f-1.6 

11.48 

0.19 

+ 1.0 

16.42 

0.29 

— 4.0 

4 

8.93 

1.15 

-h 2.6 

15.43 

0.12 

— 2.9 

15.39 

0.26 

— 3.0 

5 

9.15 

1.16 

+ 2.4 

11.96 

0.19 

+ 0.5 

13.94 

0.32 

— 1.6 

Average 



+ 2.6 



— 0.5 



— 2.4 


With methionine; 3.2 gm daily replacing an equal amount of hydrolysate 


6 

12.31 

1.15 

— 0.8 

15.07 

1.03 

— 3.4 

12.50 

0.69 

— 0.5 

7 

9.98 

0.98 

+ 1.6 

14.08 

0.09 

— 1.5 

13.06 

inc. 

— 0.4 

8 

10.62 

0.90 

+ 1.2 

14.14 

inc. 

— 1.4 

15.03 

0.15 

— 25 

9 

11.03 

0.86 

+ 0.8 

15.45 

0.06 

— 2.8 

14.69 

0.11 

— 2 1 

10 

Average 

inc. 

e 

inc. 

+ 0.7 

13.08 

0.08 

— 0.5 

— 1.9 

14.01 

0.07 

— 1.4 

— 1.4 


the collection of urine and feces. The diet periods began on 
each Saturday morning and during the first 2 days the urine 
and feces were not collected in order to allow adjustments to 
the diet and rest from continued restraint. The infants were 
placed on metabolism frames at the end of these 2 days and 
daily collections continued for 5 days. The diet was composed 



METHIONINE BEQUIBEMENT AND SPECIES 


447 


of casein hydrolysate, 3.5 gm ; Laboratory Product no. 217,*' 
18 gni; dried brewers’ yeast, 1 gm dissolved in sufficient 
water to make 100 ml. One cubic centimeter of the solution 
supplied 1 calorie. 

The diet was given in 5 feedings daily at 100 cal. per kilo, 
body weight and was supplemented with 50 mg of ascorbic acid 
and 15 drops of Oleum Percomorphum. The daily intake was 
calculated from the food consumption record, and from the 

TABI.K 7 

Xifrogen balance in infants, effect of adding 'methionine to a casein hgdrohfsate. 


Xitrojfen sou roe 

PATIBNT 

P. D . 7381 GM WEIGHT 

Hydrolysate H + Methionine 

PATIENT 

I> a.. 7073 GM WEIGHT 

Ilvdroljsate H + Methionine 

Period, 5 days each 

1 

2 

1 

2 

Total Nitrogen intake, 
gm 

5.03 

5.20 

4.70 

4.84 

Nitrogen absorption, 
wigAg/day 

585 

603 

639 

671 

Nitrogen retention, 
mg/kg/day 

182 

182 

309 

297 

Nitrogen retention, 
gm/day 

1.40 

1.45 

2.19 

2.14 

(jtjiin in weight, 
gm/day 

36.0 

32.4 

9.7 

28.7 


analysis of a composite sample of the 7 daily formulas. Dur- 
ing the second period 3% of methionine was added to the 
casein hydrolysate and all other quantities maintained 
constant. 

Nitrogen absorption was calculated by subtracting fecal 
nitrogen from the intake; and retention by subtracting the 
urinary nitrogen from that absorbed. It is evident from table 
7 that the net retention, expressed in grams per day, was 
identical in the supplemented and unsupplemented periods. 

‘‘Consisting of Bextri -Maltose no. 2 , 54.6; milk fat, 23.9; arrowroot starch, 
13.0, calcium gluconate, 4.4; K,Ha PO 4 , 1 . 8 ; Ca (OH),, 1.1; K 3 HPO 4 , 0.6; KCl, 
0.5; Mg O, 0.1 and FeSO^, 0.02 gm. 
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The addition of methionine did not improve nitrogen reten- 
tion, This second failure of methionine to improve nitrogen 
retention even in growing babies was most surprising. How- 
ever, the cystine deficiency of casein is only demonstrable 
in the rat at low levels of protein intake (Osborne and Mendel, 
’15) ; and these balance studies on babies were made at a nitro- 
gen intake eqiiivalent to 4 to 5 gm of protein per kg body 
weight. This intake level may possibly have been sufficiently 
high to mask any inadequacy of the casein hydrolysate. 

Normal, adults at a maintenance level of nitrogen. In view 
of these 2 negative results for added methionine in the human 
sub,iects, we felt that further studies with minimal intakes 
might give results more in accord with those found in rats 
and dogs. Two groups of adult volunteers,® all laboratory 
workers, collaborated in the studies. One group of 6 subjects 
was studied at a maintenance level, and the other group of 4 
subjects was on a sub-maintenance level. All subjects were 
completely normal on physical examination, including the 
usual blood and urine analyses. In the maintenance study 3 
men and .3 women were placed for 7 days on a regulated diet 
of natural foods supplying 40 cal. and 0.11 gm of nitrogen 
per kg daily. The protein-low diet of Mueller, Fickas and 
Cox (’43) was then substituted but the nitrogen intake level 
was kept constant at 0.11 gm per kg by the addition of casein 
hydrolysate. The low protein diet supplied 0.01 gm of nitrogen 
per kg or 9% of the total nitrogen intake. Daily urinary 
and fecal nitrogen determinations were made. It is evident 
from figure 1 that the hydrolysate was as effective in main- 
taining nitrogen balance (Periods 3 and 4) as regular food 
protein (Period 2). 

The hydrolysate was then removed from the diet for a 
period of 4 days, with marked nitrogen loss (Period 5). When 
restored at the same level as previously, there was nitrogen 

** These volunteers w'ere: Misses Edna Fisher^ Kathryn Drone^ Theodora Block, 
Messrs. William Koch, Edward Bonham, Donald Schneider, K. 8. Kemmerer, R. 
W. Barton, A. J. Mueller and W. M. Cox, Jr. We want to express our appre* 
ciation of their help. 
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retention (Period 6). During the last 4-day period, 2^% of 
the hydrolysate nitrogen was replaced by an equal amount of 
cystine nitrogen (Period 7) but without any increase in nitro- 
gen retention. This finding is again in contradistinction to the 
animal findings. In trying to rationalize why there should be 
such a marked difference in the effect of added metliionine 



0 to 20 30 

DAYS 

Fig. 1 Average nitrogen balances of 6 adult human subjects maintained on 
a diet supplying (Ml gm of nitrogen and 40 cal. per kg body weight daily. During 
the periods when the enzymic casein hydrolysate was given, the protein -low diet 
of Mueller, Fickas and Cox (’43) was given. Daily balances were determined 
and averaged as 3, 4 or 6-day periods. 


in 2 species, it was evident that (1) tlie dogs were protein- 
depleted whereas the humans were merely on a maintenance 
diet without any significant depletion and (2) the nitrogen 
intake of the human subjects was the same per kg body weight, 
whereas the intake of the dogs was adjusted to their endogen- 
ous loss. 
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Normal adults depleted of protein. As a final test for the 
value of added methionine in man, it was decided to deplete 
our 4 human volunteers of their protein stores in a manner 
similar to that employed with the dogs and then to supplement 
the diet by that amount of nitrogen which each was losing 
daily. Four normal men ingested the protein-low diet pre- 
viously described (Mueller, Fickas and Cox, ’43) for a period 
of 3 weeks. Nitrogen analyses on the foodstuffs were made 
•and the actual intake level established at 0.01 gm of nitrogen 
per kg. The caloric intake was maintained at 30 per kg 
throughout the entire experiment. This is 1.4 times the aver- 
age basal caloric requirement when calculated on the basis of 
surface area (height-weight formula of DuBois and DuBois. 
’16). Other investigators, particularly Martin and Robison 
( ’22) have emphasized the difficulty of ingesting protein-free 
•foods for protracted periods. While adjustment to the diet of 
starch-milkfat crackers, milk fat, vegetable oils, sugar and 
small amounts of low-nitrogen vegetables and fruits, as let- 
tuce, cabbage, peaches and apricots was not easy, the prin- 
cipal objection was that of monotony. All subjects continued 
their usual laboratory and home-gardening activities, but 
about 1 day in 5 each was depressed and felt that he couldn’t 
continue the undertaking. Our early observations of lassitude 
after 4 days depletion (Mueller, Fickas and Cox, ’43) were 
probably due to such temporary periods of adjustment to the 
diet, which usually disappeared within 24 hours with a return 
of a normal reaction towards activity and duties. Urinary 
and fecal nitrogen was determined daily, and the nitrogen 
in coffee was counted as part of the total nitrogen intake. 

As noted above, all subjects were proved normal by the usual 
clinical and chemical examinations and the measurements of 
most interest for the purpose of this study — weight, total 
serum protein and serum albumin, and hematocrit — are given 
in table 8. During depletion, similar measurements were made 
at weekly intervals and at the end of the experimental period 
(table 8). It will be seen from these data that the weight loss 
was between 3.2 and 5.2 kg. The nitrogen loss during the 
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whole experiment multiplied by the customary 30 to convert 
it to a weight equivalent gave an indicated weight loss of 
from 2.2 to 3.2 kg in the 4 subjects. This calculated weight loss 
is not greatly different from the actual weight loss, indicating 
that the caloric intake of 30 per kg was adequate, although 
it should be noted that subject (A), performing the most work, 
lost the greatest weight. Other investigators (Martin and 

TABLE 8 


Weighty servm protein, servm albumin and hematocrit valvett during protein 
depletion of 4 subjects for £] days, and after 10 days of minimal 
hydrolysate supplementation . 


SUBJECT 

A 

B 

r 

n 


leg 

leg 

leg 

leg 

Weight, initial 

91.2 

72.1 

84.7 

82.1 

1 wk. depletion, loss 

—1.8 

—0.9 

—0.2 

—1.8 

2 wks. depletion, loss 

—0.7 

—2.4 

—1.6 

—0.7 

wks. depletion, loss 

2.2 

—0.2 

—0.3 

—0.8 

End of supplementation 

—0.5 

—0,2 

—1.2 

+0.1 

Total weight loss 

—5.2 

—3.7 

—3.3 

—3.2 

Total nitrogen loss, gni 

106.7 

80 .1 

71.4 

89.3 

N”. loss X 30, kg 

3.2 

2.7 

2.2 

2.7 


gm <7f 

gm efr 

gm 

gm % 

Serum albumin, initial 

4.66 

4.91 

4.91 

4.67 

1 wk. depletion 

4.35 

4.60 

4.62 

4.32 

2 wks. depletion 

4.31 

4.81 

4.17 

4.10 

3 Avks. depletion 

4.18 

4.37 

4.39 

4.23 

Change during depletion 

—.48 

—.54 

—.52 

—.44 

End of supplementation 

3.99 

4.50 

4.43 

4.37 


gm % 

<7»rt 

gm % 

gni % 

Seruiii protein, initial 

6.87 

7.09 

7.30 

7.43 

1 Avk. depletion 

7.06 

6.72 

6.84 

6.46 

2 Avks. depletion 

6.54 

7.05 

6.26 

6.10 

3 Avks. depletion 

6.25 

6.56 

6.80 

6.19 

Change during depletion 

—.62 

—.53 

—.50 

—1.24 

End of supplementation 

6.39 

6.79 

6.59 

6.46 


% r.p. 

% r r. 

e/r r r 

e'/r r r 

Hematocrit, initial 

45.1 

48.5 

49.9 

46.3 

1 wk. depletion 

46.0 

47.3 

51.4 

48.0 

2 wks. depletion 

47.2 

47.0 

50.3 

44.4 

3 wks. depletion 

49.5 

43.2 

55.9 

44.1 

End of supplementation 

47.0 

40.6 

51.8 

42.6 
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Robison, ’22) have employed higher caloric intakes, but a large 
part of their difficulty with the ingestion of the diets is prob- 
ably due to this high food intake. 

The total serum protein and serum albumin values declined 
progressively during depletion, in a manner and degree com- 
parable to that previously observed in dogs (Cox and Muel- 
ler, ’44). There was no significant regeneration of protein 
during supplementation, since the level of nitrogen given 
was inadequate to attain nitrogen balance. There was but 
little change in the hematocrit values during the experiment, 
so that the fall in percentage albumin may be considered as 
valid. 

TABLE 9 

Summari 2 ed data on 4 subjects for the last 6 days of a Sl-day protein depletion 
period followed by two 4-day periods supplemented with casein hydrolysate 
with and without added methionine. 


SUBJECT 

A 

B 

c 

0 

Food N, gm/day, last 6 days 

0.91 

0.72 

0.85 

0.82 

TTrinary N, gm/day, last 6 days 

3.44 

2.88 

2.33 

2.68 

Fecal N, gm/day, last 6 days 

1.03 

0.40 

0.79 

0.70 

Net nitrogen loss during 
last 6 days of depletion 

—3.56 

—2.56 

i>.27 

—2.56 

Nitrogen balance during 
hydrolysa te supplementation 

—0.97 

—0.96 

—0.76 

—1.36 

Nitrogen balance during 
hydrolysate and methionine 
supplementation 

—0.99 

—1.06 

—0.91 

—1.29 


At the end of 21 days depletion, hydrolysate was added to 
the diet. The amount given was equal to the average amount 
of nitrogen lost by each subject during the last 6 days of the 
21-day period and was administered for the next 4 consecutive 
days as the casein hydrolysate. As shown in table 9 (line 4), 
the net nitrogen loss was 3.56, 2.56, 2.27‘ and 2.56 gm daily for 
the 4 subjects. These values are in very close agreement 
with the endogenous loss reported by others under similar 
protein depletion. For example, Martin and Robison .(’22) 
report an endogenous loss of 3.17 and 2.89 gm nitrogen per 
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day. The average amount of hydrolysate required to furnish 
the required amount of nitrogen was only 22.3 gm daily. 
As shown in line 5 (table 9), balance was not achieved although 
the nitrogen loss was considerably reduced by the supplement. 
The average loss of — 2.74 gm was reduced to — 1.01 gm 
daily. A second period followed in which 21% of the hydroly- 
sate nitrogen was substituted by an equal amount of nitrogen 
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NITROGEN 

BALANCE 

6RAMS 
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12 



PERCENT 

TOTAL 

PLASMA 

PROTEINS 


60 
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Fig. 2 Nitrogen balance, urinary and fecal nitrogen and blood values of 4 
human adult males receiving a protein-low diet (0.01 gm N per kg per day) 
and 30 cal. per kg body weight for a period of 21 days. Supplementation with an 
enzymic casein hydrolysate for 4 days (horizontal lines, 22 to 25th day) and 
with the same hydrolysate and a methionine supplement (diagonal lines, 26 to 
29th day) for 4 days followed depletion. The values for each day are given and 
the heavy lines indicate the average nitrogen balance for 3- or for 4-day periods. 


as methionine. The average weighed amount of methionine 
was 0.763 gm daily for each of the 4 subjects. As shown in 
the last line of table 9, and in figure 2, the added methionine 
led to no more reduction in nitrogen loss than the hydrolysate 
alone, since the average nitrogen balance for the 4 subjects 
was — 1.06 gm daily, as compared with — 1.01 for the hydroly- 
sate period immediately preceding. 
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This finding demonstrated to us that the addition of 
methionine to a casein hydrolysate did not increase the effi- 
ciency of nitrogen retention in humans. 

DISCUSSION 

A comparison of the nitrogen retention of a casein hydro- 
lysate with and without added methionine in rats, dogs and man 
has clearly shown a striking species difference. The addition 
of methionine increased the rate of growth in rats and the 
magnitude of nitrogen retention in dogs. In man, however, 
it was without effect on nitrogen retention even though obser- 
vations were made on 4 different groups : (1) depleted surgical 
patients fed intravenously (2) normal adults fed at a main- 
tenance nitrogen level (3) normal adults who had been protein 
depleted for 3 weeks and were then fed only an amount of 
nitrogen equal to their endogenous loss, and (4) normal in- 
fants. In no one of these 4 groups did the addition of extra 
amounts of the essential sulphur-containing amino acid in- 
crease nitrogen retention. 

An explanation for this difference does not seem difficult, 
based on the fact that the rat and dog are covered with hair, 
and that man is not. Since hair contains large amounts of 
cystine (Block and Bolling, ’45) it is reasonable to suppose 
that the requirement of the rat and dog for this amino acid 
(or methionine) is considerably greater than that of man. 

Whether this explanation is valid or not, the implications 
of the finding are large. We employed an hydrolysate of 
casein but it seems reasonable to interpret the data as though 
casein itself were employed, inasmuch as the growth of rats 
receiving the hydrolysate was equal to that of those receiving 
casein (Mueller, Kemmerer, Cox and Barnes, ’40). Moreover, 
supplementation of the hydrolysate with cystine and methio- 
nine gave the same improvement in growth as w'hen casein (un- 
published studies) was similarly supplemented. 

The finding of Osborne and Mendel (’15) that casein was 
deficient in cystine was based on rat observation. It was 
promptly (and at that time, perhaps properly) used in ex- 
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plaining the contemporary observation that infants failed to ' 
develop as well on artificial feedings as on human breast milk 
(Holt, ’16). Thus, it was argued that since the protein of cow’s 
milk consists preponderantly of casein with a low cystine 
content, whereas breast milk contains principally lactalbumin 
with a high content of sulfur-containing amino acids, it is 
logical to attribute the inferior results from cow’s milk feed- 
ings to this fact. With improvement in the bacteriological 
quality of cow’s milk, the supposed nutritional differences 
between casein and lactalbumin became much less necessary 
or evident. Gordon, Levine, Wheatley and Marples ( ’37 ) 
studied infants fed similar amounts of nitrogen as cow’s milk 
and as breast milk and could find no significant difference in 
their nitrogen retention. Harrison (’36) rejiorted that when 
the intake of cow’s milk protein was quantitatively reduced 
to that ingested in breast milk, good nitrogen retention was 
observed. These earlier observations support the present 
finding. 

On the basis of the work of Osborne and Mendel (’15) it 
would have been logical to add cystine to cow’s milk to in- 
crease its nutritive value. To our knowledge, this experiment 
was not done. Our findings indicate that neither the addition 
of cystine or methionine should have increased the nutritive 
value of the milk for babies, even though it might have done so 
for the rat. That there is no difference in the nutritive value 
of casein and lactalbumin for man based on a difference in 
sulfur-containing amino acid content is clear from the present 
findings, but to establish the relative nutritive value of these 
2 proteins, casein and lactalbumin, for man, it will be neces- 
sary to compare carefully their growth-promoting qualities 
and their effectiveness for nitrogen retention in man. Experi- 
mental work with rats will not suffice. The assumed nutritive 
difference between casein and lactalbumin has been established 
for the rat and dog, but not for man. Our wofk serves as 
another illustration of the point that the results with 1 species 
cannot always be applied to other species. 
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SUMMARY 

1. The addition of cystine or methionine to a casein hydro- 
lysate given as the sole source of nitrogenous food increased 
the rate of growth in rats. 

2. When the casein hydrolysate was given by vein to dogs, 
the addition of methionine increased nitrogen retention, 
whereas the addition singly of the other 9 essential amino 
acids had no such effect. 

3. In 4 groups of human subjects, the addition of methio- 
nine to a casein hydrolysate given as the sole source of nitro- 
genous food, did not increase nitrogen retention. This was 
true in surgical patients to whom the material was given in- 
travenously, in infants fed a luxury level of nitrogen, and 
in well adults fed a maintenance nitrogen level. 

4. When 4 human subjects were protein-depleted for 21 
days, the subsequent administration of minimal amounts of 
an enzymic casein hydrolysate, with and without extra methio- 
nine, gave identical nitrogen retention. 

5. These data are interpreted to mean that there is a species 
difference in the requirement for sulfur-containing amino 
acids, and that the human requirement for them is less than 
the requirement of the rat and dog, due presumably to a 
greater need for cystine in the building of hair. 

6. The generally recognized nutritive difference between 
casein and lactalbumin is valid for the rat and for the dog, 
but not for man. 
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THE CONJOINT EFFECTS OF VARIED INTAKES 
OF THIAMINE AND VITAMIN A ON RATS ^ 
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This is a report of the fourth experiment in a series planned 
to show the effect of various dietary factors upon the utiliza- 
tion of vitamin A. In previous studies, it was found that 
increased caloric intake was responsible for greater weight 
gains than the unitage of vitamin A given, and that the per- 
centage of fat and protein fed had no marked effect upon the 
utilization of vitamin A (Muelder and Kelly, ’41, ’42; Dye, 
Bateman and Porter, ’45). 

Few studies relating to the syner^sm of thiamine and vita- 
min A have been reported. In 1936, Randoin and Netter found 
that the young rat developed and matured rapidly in the pres- 
ence of the B-vitamins whether or not vitamin A was present. 
It was not until the sixth week of their experimental low-vita- 
min A regime that the absence of vitamin A began to show its 
effect. Scheunert and co-workers ( ’37, ’38) published papers 
on the effect of different quantities of vitamin A on the thia- 
mine requirements and the effect of different quantities of 
thiamine on the vitamin A requirements of rats. Thiamine 
requirements of growing rats remained the same when the 
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vitamin A intake varied from 5 to 2000 units daily. Further- 
more, altering the thiamine intake did not alter the quantity of 
vitamin A required for curative purposes. More recently, 
Mitalo ( ’42) found that, if thiamine and vitamin A were both 
lacking in the diet, the loss of vitamin A from the livers of the 
experimental animals was more rapid than when vitamin A 
alone was absent from the diet. It is difficult to interpret these 
findings because of variations in experimental procedure. It 
seemed of interest to set up an experiment to test further the 
conjoint effects of varied intakes of thiamine and vitamin A. 

EXPERIMENTAIj peoceduee 
Depletion period 

At weaning, triads of rats of the same sex, weight, and litter 
were placed upon a vitamin- A-depletion diet of the following 
percentage composition: casein (A and thiamine extracted) 
18, irradiated corn-starch 73, fat 5, and Osborne and Mendel 
salt mixture 4. Supplements of 0.5 mg autoclaved yeast and 
3 Jig of thiamine as thiamine chloride were administered daily. 
Water was given ad libitum. Weekly food consumptions and 
weight records were kept during this time. The criteria used 
for depletion were a plateau in weight and signs of xeroph- 
thalmia. 


Experimental period 

At depletion, rats in 2 series, one having the food intake 
controlled to the smallest quantity eaten by any member of 
the triad, and the other receiving the diet ad libitum were 
placed on various levels of vitamin A and thiamine. The levels 
of vitamin A were 0, i, li, or 3 1.U. per day, combined at each 
level with 0, 6, or 9 jig of thiamine per day. When 4 rats of 
the same sex, weight and litter were available the fourth rat 
was fed 18 jig of thiamine per day. The experimental period 
lasted for 6 weeks during which daily food consumptions and 
weekly weight records were kept. At the end of the experi- 
mental period, the surviving animals were killed with chloro- 



EFFECTS OF THIAMINE AND VITAMIN A 


461 


form and gross autopsy findings and length of the animal were 
recorded. 

The average findings on food consumption, weight changes 
and length of rat were subjected to tests for significant dif- 
ferences according to the “t” formula. 

RESULTS AND DISCUSSION 

Male and female triads of rats were depleted of vitamin A in 
an average of 6.5 weeks. Average weekly food consumptions 
at the time of reaching a growth plateau ranged from 31 to 
33 gm, with average weights ranging from 91 to 95 gm. The 
criteria used to evaluate the effect of varying levels of thia- 
mine in the diet upon the utilization of vitamin A were (1) food 
intake, (2) weight change, (3) length of the rat at the end of 
the experimental period, and (4) number of foci of keratinized 
epithelial tissues, called “abscesses.” Table 1 gives a sum- 
mary of the results from the animals receiving a controlled 
food intake, and table 2, the results from animals receiving the 
diet ad libitum. Some results of feeding 6 1.U. of vitamin A 
were obtained. However, only the triads at levels of 0, li 
and 3 I.U. of vitamin A will be considered in the discussion 
because of equalization of numbers and sex in these groups. 

The daily addition of 6 or 9 pg of thiamine to the diet, 
whether or not vitamin A was present significantly increased 
food intakes and favorably affected weight changes in all 
groups of animals. For the controlled feeding group (table 1) 
members of the triad surviving beyond the death of the rat 
receiving no thiamine were permitted to eat 3 gm of food 
daily for the remainder of the 6-week experimental period. 
From the table it may be seen that these increased food 
intakes resulted in corresponding increased weight gains at 
all levels of vitamin A. The average weekly food consumption 
for all animals receiving no thiamine in the controlled feeding 
group was 11.3 gm. A similar weekly food consumption 
average, 11.2 gm, was observed for all animals having access 
to the diet ad libitum (table 2) when no thiamine was present, 
thus demonstrating the direct effect of thiamine upon appetite. 



TABLE 1 

Controlled feeding group: Average weights^ food consumption, and autopsy findings on animals on a 6-weelc experimental period. 
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As would be expected, when the diet was available in quan- 
tities desired, the addition of 6 or 9 ng of thiamine to the diet 
stimulated increases in food intakes; and weight gains in 
corresponding groups were larger than those observed in the 
animals on controlled food intakes. 

The absence of thiamine from the diet, with its resultant low 
food intake brought about marked losses in body weight (nega- 
tive gain per calorie ingested) whether or not vitamin A was 
present or the animals were on controlled or ad libitum feed- 
ing. When both thiamine and vitamin A were present in the 
diet and the animals consuming their food ad libitum (table 2), 
6 and 9 ng of thiamine produced identical gains in weight per 
calorie ingested. The slightly higher gain per calorie ingested 
(-(- 0.04 gm) at the 3-unit level of vitamin A as compared to 
the response at either 1, or li I.U. of vitamin A ( -f- 0.04 gm) 
may indicate a growth stimulating action of vitamin A. The 
gain per calorie ingested was lower on the limited calorie 
intake of the controlled feeding group (table 1) than for cor- 
responding groups eating ad libitum. However, here again 
is some evidence of the growth promoting function of vita- 
min A in that 3 and 1 J I.U. of vitamin A produced a positive 
gain per calorie ingested whereas ^ I.U. of vitamin A produced 
a negative gain per calorie ingested on practically identical 
caloric intakes. 

The daily addition of .J, 1 i, or 3 I.U. vitamin A to the diet, in 
the absence of thiamine did not produce significant changes in 
food intakes or weight losses in the animal eating ad libitum 
as indicated by “t” tests and as shown in table 2. In groups 
of animals consuming controlled diets, however, the food 
intakes were somewhat lower and the w’eight losses greater (in 
the triads receiving ^ and 3 I.U. of vitamin A daily) than when 
neither vitamin A nor thiamine were present. In each case, 
6 animals made up the group and it is likely that these numbers 
are too small for more than indications, but it is possible that 
an imbalance of vitamins with limited total caloric intake led 
to a poorer response to the food available. 



Ad libitum feeding group: Average weights, food consumption, and autopsy findings on animals on a 6-weelc experimental period. 
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* Areas that most frequently showed ‘ * abscesses ’ ^ were middle ear, base of tongue, lymph glands in neck, salivary glands, and 
genito-urinarjr tract. 
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When the relation of the response of the animals to the addi- 
tion of vitamin A with known quantities of thiamine was tested 
statistically, vitamin A seemed to function as an essential 
factor in weight increases. In groups of animals fed ad libitum 
significant increases in food intake and decreases in weight 
loss or actual gains occurred with the addition of li, and 
3 I.U. of vitamin A with all corresponding levels of thiamine. 
In groups of animals with controlled food consumption, how- 
ever, there were usually not significant increases in food in- 
takes with the addition of vitamin A, but there were consistent 
and significant weight increases. Patterson, Henry and Cran- 
dall ( ’42) reported that rats which were pair-fed and received 
vitamin A were significantly heavier than control animals de- 
prived only of that vitamin. The difference in weight was due 
to a greater retention of water, fat and protein in the animals 
supplied with the vitamin, and apparently was not due to 
alterations in absorption of food. In the present controlled- 
feeding groups, the difference between the average weekly 
weight changes in animals receiving 9 Mg of thiamine and no 
vitamin A ( — 2.7 gm) and those receiving 9 pg of thiamine and 

3 I.U. vitamin A (+0.8 gm) was 3.5 gm. On the other hand, 
the difference between the average weekly weight gain of 
animals receiving 3 I.U. of vitamin A and no thiamine 
( — ll.Ggm) and those receiving 3 I.U. of vitamin A and 
9 Mg of thiamine (again + 0.8 gm) was 12.38 gm. A considera- 
tion of these differences in weight change, as ratios, seemed 
to indicate that both vitamins are essential for weight in- 
creases but that thiamine seemed to produce between 3 and 

4 times the increase that vitamin A produced under the con- 
ditions of this experiment and in a 6-week period. It would 
be essential to know the composition of these weight changes 
before their relation to growth could be stated. 

No significant effect on the length of the animal was ob- 
served with any of the different combinations of vitamin 
intake. 

For all groups of animals, “abscesses” were highest in num- 
ber when no vitamin A was present in the diet, regardless of 
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the presence of thiamine. In the controlled diet groups (table 
1), “abscesses” averaged 3.2 per rat with no vitamin A or 
thiamine. The number of “abscesses” among animals eating 
ad libitum (table 2) averaged 3.2 per rat with no vitamin A 
or thiamine. When no vitamin A was fed, there were sig- 
nificant increases In the number of “abscesses” with the addi- 
tion of thiamine in most groups of animals. In most instances, 
however, the addition of thiamine plus vitamin A was more 
effective in reducing the number of “abscesses” than was 
vitamin A alone. Since the presence or absence of “abscesses” 
is probably the most critical measure of vitamin A utilization 
applied in this study, the findings on the incidence of “ab- 
scesses” seems to indicate a synergistic effect of the 2 vita- 
mins under discussion. 

Thiamine independently and predominantly stimulated 
weight changes. Vitamin A, however, was also functioning as 
a weight-increase factor, at least in the presence of thiamine, 
but at what might be termed a “slower rate. ” The reasons for 
the slightly lower food intakes and greater weight losses 
among animals fed iso-caloric diets with vitamin A and no 
thiamine are not clear from the criteria used in this study, but 
are probably not significant. That there were synergistic 
effects of thiamine on the utilization of vitamin A in vitamin A 
depleted rats were not strikingly demonstrated by these data, 
although they seem to be indicated in the findings on the 
incidence of “abscesses.” 


SUMMABY 

The effect of thiamine on the utilization of vitamin A was 
studied by means of food intake, weight change, length of rat, 
and number of foci of keratinized epithelial tissues called 
“abscesses” in animals depleted of vitamin A. 

The daily addition of 6, or 9 ng of ’ thiamine to the diet, 
whether or not vitamin A was present, significantly increased 
food intakes and favorably affected weight changes in all 
groups of animals. On the other hand, the daily addition of 
i, 1^, or 3 1.U. of vitamin A, in the absence of tbiamine, did 
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not produce significant changes in food intakes or weight 
losses in animals eating ad libitum of a basal vitamin A and 
thiamine free diet. In groups of animals on iso-caloric in- 
takes, however, food intakes were somewhat lower and weight 
losses greater when i or 3 1.U. of vitamin A were given, than 
when neither vitamin A nor thiamine were present in the food. 
Vitamin A functioned as an essential factor in weight in- 
creases in the presence of thiamine. 

No significant differences in the length of the rats were ob- 
served among the groups, regardless of vitamin intake in the 
6-week period. 

For all groups of animals, “abscesses” were highest in 
number when no vitamin A was present in the diet. When no 
vitamin A and some thiamine were fed, there were significant 
increases in the number of “abscesses” in several groups of 
animals. In most instances, however, the addition of thiamine 
plus vitamin A was more effective in reducing the number of 
“abscesses” than was vitamin A alone. 
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The proteins of meat are considered of high nutritive 
quality. Hoagland and Snider (’26, ’27) reported them to be 
adequate for growth in rats when they supplied protein at a 
10% level and to he very efficient supplements for the cereals 
and for white flour. Clayton (’30), also working with rats, 
obtained growth, maintenance and reproduction with beef 
protein at a 20% level. McCollum et al. (’21) found meats 
valuable supplements for cereal seeds but not so satisfactory 
as supplements for legume seeds. 

Woods et al. (’43) reported that the slow growth in rats 
on the protein of raw Alaska peas could be overcome by the 
addition of methionine. Bolin and associates ( ’46) found that 
for chick growth, various animal and plant protein supple- 
ments to pea meal rations were greatly improved by the addi- 
tion of methionine. Recent investigations at this station by 
Beeson and Hickman (’45, ’45a) and Lehrer et al. (’46, ’46a) 
have shown that peas, when supplemented with a small quan- 
tity of meat meal or good pasture, are an excellent source of 
protein when fattening swine. 

‘ Published with the approval of the Director of the Idaho Agricultural Experi- 
ment Station as Research Paper no. 265. 

» Present address; Department of Animal Husbandry, Purdue University, 
Lafayette, Indiana. 
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In low-cost diets or when meats are difficult to obtain, a very 
common dietary recommendation is an increased use of 
legumes to meet the protein requirement. The study reported 
here was designed to compare, at a critical level, the proteins 
of pork, lamb, beef and peas and to determine the effect upon 
growth of replacing a part of the meat of the diet with a 
serving of peas. 


EXPERIMENTAL PROCEDURE 

Weanling rats housed in individual cages and weighed 
weekly for 8 weeks were used as test animals. Food consump- 
tion records were made at each weighing. 

Alaska field peas, grade no. 1, were soaked, cooked and 
dried without discarding any of the liquid and then finely 
ground. 

The meats were prepared and roasted as recommended by 
the National Livestock and Meat Board (’45). The internal 
temperatures of the various cuts were as follows: for fresh 
ham, 185°F. ; leg of lamb, 180°F.; and beef round, 170°F. All 
bone and all visible fat were removed from the meats before 
they were ground. They were dehydrated at a temperature of 
144°F. in the same manner as the peas and were stored under 
refrigeration. A diet in which dried whole egg furnished the 
protein was used in these experiments as a standard of com- 
parison. Animals on the egg diet exhibited good growth with 
efficient utilization of protein. 

The dried cooked peas and the dried meats were analyzed 
for nitrogen and fat. The diets were made up to contain 10% 
protein (N X 6.25) and were adjusted to the same fat level 
by the use of refined cottonseed oil. The composition of the 
diets is given in table 1. 

For compounding the diets in the study of peas as an ex- 
tender of meats, 50 gm of peas and 4 bz. of fresh meat were 
taken as average servings of these foods in human dietaries. 
In those diets marked “a” the protein was derived from a 
mixture of peas and meat in the relationship of 1 serving of 
peas (50 gm) to i serving of fresh meat (loz.). In those 
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TABLE 1 


Composition of diets} 

(Source of protein calculated to 10% protein level.) 


I-OT 

NO. 

PROTEIN SOURCE 

SUGAR 

SAliT 

MIXTURE 

COTTON- 

SEED 

OIL 

COD 

LIVER 

OIL 

AGAR- 

AGAR 



gmfkg 

gm/kg 

gm/kg 

gm/kg 

gm/kg 

gm/kg 

1 

Egg 

227 

639.5 

40 

30 

20 

20 

2 

Pork 

151 

738 

40 

4.5 

20 

20 

3 

Lamb 

135 

729.5 

40 

32 

20 

20 

4 

Beef 

142 

723 

40 

31.5 

20 

20 

5 

Peas 

433 

444.5 

40 

39 

20 


6 

Peas 

433 







and 

dl methionine 

3 

441.5 

40 

39 

20 

• • 

7 

Peas 

320 







and 

Pork (a) 

40 

526.5 

40 

30 

20 


8 

Peas 

254 







and 

Pork (b) 

63 

575 

40 

24.5 

20 


9 

Peas 

310 







and 

Lamb (a) 

39 

530.5 

40 

37 

20 


10 

Peas 

241 







and 

Lamb (b) 

60 

580 

40 

35.5 

20 


11 

Peas 

314 







and 

Beef (a) 

39 

526.5 

40 

37 

20 


12 

Peas 

246 







and 

Beef (b) 

61 

574 

40 

35.5 

20 

• • 


‘ Each diet contained 21 gni/kg of vitamin-sugar mixture in addition to 2..'> gm/kg 
of choline chloride. 

(a) Mixed in proportion of \ serving (1 oz.) of fresh meat to 1 serving 
(50 gm) of peas. 

(b) Mixed in proportion of \ serving (2 oz.) of fresh meat to 1 serving 
(50 gm) of peas. 
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marked “b” the relationship was that of 1 serving of peas to 
i serving (2 oz.) of fresh meat. The protein of these mixtures 
was fed at the 10% level as in the other diets. 

Pure vitamins of the B-complex were mixed with sugar, and 
21 gm of the mixture included in each kilo, providing the fol- 
lowing supplements per 100 gm of diet: thiamine, 0.49 mg; 
riboflavin, 0.49 mg; pyridoxine, 0.61 mg; nicotinic acid, 
0.61 mg ; calcium pantothenate, 4.9 mg ; para-amino benzoic 
acid, 29.4 mg; and inositol, 98.0 mg. The Osborne and Mendel 
( ’19) salt mixture was used in all diets. 

Statistical analyses of the data were made according to the 
methods of Snedecor (’40). 

BESULTS AND DISCUSSION 

The results of this series of experiments are summarized 
in tables 2 and 3. 

On the basis of daily gains in weight the pork, lamb, and 
beef compared favorably with egg, but the peas were sig- 
nificantly inferior (table 3). From the standpoint of efficiency 
as measured by gain per gm of protein consumed, pork, lamb 
and beef were not significantly different from egg, but the 
peas were markedly less efficient. 

When cooked peas were supplemented with 0.3% dl-methi- 
onine the average daily gain was tripled and the protein 
efficiency was more than doubled, confirming earlier published 
findings of Woods and co-workers (’43) that peas lack methi- 
onine for normal growth. Although the peas and methionine 
diet was not as efficient as the whole egg diet, the daily gains 
were not significantly different. 

The rats on the pea diet, in addition to being smaller, had 
short, soft hair and their average survival period was only 
33 days. A postmortem ® examination revealed a character- 
istically abnormal liver. The liver condition was typical of 
acute hepatitis and characterized by 2 progressive degrees of 
involvement — cloudy swelling and fatty degeneration. 

• Credit is due Dr. G. C. Holm, Station Veterinarian, for valuable assistance in 
postmortem studies. 
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The stage of liver damage was dependent upon the length of 
time the rat showed retarded growth. No cases of cirrhosis 
of the liver were observed, which can be attributed to the acute 
nature of the involvement. Occasionally hemorrhage in the 
liver was encountered. These conditions did not occur in rats 
receiving the pea diet supplemented with adequate methionine. 

In diets in which the peas and meats were combined, at both 
levels of meat, the average daily gain and the efficiency of the 


TABLE 2 

Average growth response. 


IjOT 

NO. 

DIET 

NO. 

or 

RATS 

AV. 

DAILY 

GAIN 

AV GAIN 
PER OM 

OF 

PROTEIN 

AV. FOOD 
REQUIRED 
PER GM 
GAIN 

AV. FOOD 
CONSUMED 
DAILY 

AV. LIFE 
OF 

RATS ^ 

1 

Egg 

8 

to 

1+1 

gm 

2.50 ± .08 

gm 

3.99 ± .20 

gm 

8.65 ± .36 

d-aya 

56 

o 

I*ork 

9 

2.00 ± .11 

2.16 ± .10 

4.63 ± .24 

9.28 ± .26 

56 

3 

Lamb 

9 

2.34 ± .12 

2.32 ± .11 

4.31 ± .26 

10.09 ±.31 

56 

4 

Beef 

9 

2.35 ± .09 

2.19 ± .05 

4.56 ± .11 

10.75 ± .33 

56 

5 

Peas 

19 

0.60 ± .04 

0.9.5 ±: .06 

10.54 ± .68 

6.36 ± .45 

33 

6 

Peas and 
0.3% dl- 
methioniiie 

19 

1.88 ± .09 

2.04 ± .07 

4.89 ± .13 

9.20 ± .39 

56 

7 

Peas and 
Pork (a) 

9 

1.38 ±: .17 

1.94 It .24 

5.16 ± .66 

7.15 ± .43 

21 

S 

Peas and 
Pork (b) 

9 

1.62 ± .10 

1.70 ± .10 

5.88 ± .30 

9.54 ± .59 

42 

<) 

Peas and 
Lamb (a) 

9 

1.66 ± .13 

2.41 It .07 

4.15 ± .13 

6.89 ± .43 

21 

10 

Peas and 
Lamb (b) 

9 

1.80 ± ,08 

1.89 ±: .14 

5.30 ± .36 

9.51 ± .56 

41 

11 

Peas and 
Beef (a) 

9 

1.38 ± .19 

1.96 It .17 

5.10 dt .70 

7.03 ± .54 

25 

12 

Peas and 
Beef (b) 

9 

1.85 ± .03 

1.95 It .15 

5.42 ±: .33 

10.00 ± .55 

48 


Experimental period 56 days. 
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t value of 3.499 establishes the 1% point for the comparisons based on the smallest number of degrees of freedom; 
therefore a value of 3.499 or larger is highly significant. 
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proteins were significantly increased over diets in which peas 
alone supplied the protein. The peas and meat combination 
diets gave average daily gains that were not significantly dif- 
ferent from those obtained with the peas and methionine diet 
but on none of the pea and meat combination diets did all the 
animals live the entire test period. On the lower level of meat 
the average survival time was less than ^ the test period and 
on the higher level 6 to 7 weeks. Rats on these diets made 
good growth but died suddenly without previous indications 
of disorder. On autopsy they revealed a liver condition of 
varying severity similar to the one found in the rats on peas. 

Since this liver condition was prevented by adequate methi- 
onine supplements to the pea diet it appears that the meats 
in the amounts here used did not furnish sufficient methionine 
to provide for the increased growth and for maintenance of 
normal liver tissue. 

If the methionine content of voluntary muscle protein is 
estimated at 3%, which is approximately the value reported 
by Beach et al. (’43) from chemical analyses of beef, pork 
and lamb muscle, the amounts of methionine added to each 
kilo of diet by the meat supplements actually used in these 
experiments were about 0.8 gm by the smaller and 1.3 gm by 
the larger supplements. These values are considerably below 
the 3 gm per kilo added in the 0.3% dl-methionine supple- 
mented pea diet. Mitchell and Block ( ’46) in their comparison 
of analytical data for different food proteins with those of 
dried whole egg note that for beef muscle the indicated limiting 
amino acid is the methionine plus cystine combination. These 
figures suggest that the peas and meat combination diets at 
both levels of supplementary meat were limited by their con- 
tent of methionine but do not explain the acceleration of 
growth at the expense of liver tissues. 

SUMMABT 

Cooked pork, lamb, beef, and peas, and some combinations 
of peas and the meats, have been compared with whole egg as 
sources of protein for growth in young rats. 
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Measured by growth rate and by efficiency the various 
meats, when fed at a 10% protein level, were as good sources 
of protein for growth as were eggs. 

Cooked peas alone were a poor source of protein for growth 
whether measured by average daily gain or by gain per gram 
of protein. When peas were supplemented with 0.3% dl-methi- 
onine, growth was increased until it was not significantly dif- 
ferent from that obtained with whole egg protein although 
it was not as efficient. 

At the levels of meat fed in combination with peas in this 
investigation growth was improved over that from peas alone 
but even the meat and pea diets were inadequate as evidenced 
bv a characteristic liver involvement and early death of many 
of the test animals. 
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Nutrition workers are not yet ajyreed on a desirable nutri- 
tive state with respect to vitamin C, nor on the intake of 
ascorbic acid which should be recommended to maintain such 
a state. The recommended allowance of the National Research 
Council, 70 mg for women and 75 mg for men, is insufficient to 
maintain tissue saturation in adults but provides a wide mar- 
gin of safety over the amount required for prevention of 
scurvy. The League of Nations standard allowance of 30 mg 
daily has been commonly accepted in Europe, and is recog- 
nized in the United States as the minimum requirement to be 
stated in food labeling. 

The present study is concerned with a comparison of tissue 
stores of ascorbic acid associated with 3 levels of intake which 
had been maintained for a period of 6 Aveeks. The intakes 
used were 70 mg, 50 or 53 mg, and 33 mg, respectively. The 

' Some of the data in this paper are taken from theses presented to the faculty 
of the Graduate School of Cornell University in fulfillment of the requirement for 
the M.S. degree, by Ann C. Moore, June 1944, Margaret A. Delaney, October 1945, 
and J. Estelle Haines, February 1946. Further details will be found in the theses. 
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highest level of intake studied approximated the National 
Research Council allowance, the lowest approximated the 
League of Nations standard, whereas in the other 2 experi- 
ments, 1 with natural food and the other with a synthetic diet, 
the intakes were intermediate. 

The state of the subjects’ tissue reserves of ascorbic acid at 
the end of the 6-week periods was judged by the fasting plasma 
ascorbic acid values and whether or not these values had 
reached a plateau, as well as by the response to standard test 
doses, and the number of doses given daily which were re- 
quired to restore tissue saturation. 

The experimental period selected, 6 weeks, is one in which 
the fasting plasma ascorbic acid value reached zero for a 
subject whose diet was devoid of ascorbic acid (Crandon, 
Lund and Dill, ’40), hence it was believed to be long enough 
to permit the demonstration of differences in body stores of 
ascorbic acid on these levels of intake, should such differences 
exist, 

EXPERIMENTAL 

Subjects 

Twelve normal adults, 6 men and 6 women, ranging in age 
from just under 20 to 46 years, served as subjects. Four of 
those served for 2 experimental periods each. Data concerning 
the sex, age, height and weight of the subjects are presented 
in table 1. Before each experiment, the subjects were exam- 
ined by a physician at the Student Medical Clinic of Cornell 
University and were found to be in good physical condition.® 
Six of the subjects had mild infections of the upper respiratory 
tract,® without fever, in the course of the experiments which 
were conducted during the winter. Subject J. M. had a cold 
with slight fever (99.6°F.) for 3 days during the sixth week 
of the experiment. 

® Subjects E.K. and H.G. had poliomyelitis in childhood; subject J.M. had 
asthma in 1931, with little difficulty since. 

* Although the subjects had been instructed not to take any medication during 
the experimental period, 1 subject took 110 grains of aspirin in a 32'hour period 
in the fifth week of the experiment, without apparent effect on the urinary excre» 
tion or fasting plasma values of ascorbic acid. 
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TABLE 1 

Sex, age, height and weight of IS subjects ' on controlled intakes of ascorbic acid 

for 6 -week periods. 


SUHJKOT 

AOK 

HKIOHT 

WEIOIFT ^ 

SUBJECT 

A<JK 

HKIOHT 

WEIGHT - 


yr. 

inches 

cm 

lb. 

kg 


yr. 

inches 

cm 

lb. 

kg 


Intake: 33 mg /day 



Intake: 53 mg/day 


EH$ 

22 

664 

169 

134 

61 

AM? 

23 

67i 

172 

136 

62 

SPc? 

19 

67 

170 

140 

64 

DL? 

30 

66 

168 

143 

65 

HGc? 

26 

721 

184 

127 

58 

EKc? 

24 

69 

175 

154 

70 

LG? 

29 

67 

170 

153 

69 

HGc? 

26 

72i 

184 

133 

60 


Intake: 50 mg /day 



Intake: 70 mg/day 


JES? 

21 

6.3 

160 

128 

58 

AM? 

oo 

67i 

172 

134 

61 

DL? 

31 

66 

168 

133 

60 

PHV 

31 

684 

174 

141 

64 

MH? 

46 

67 

170 

138 

63 

EKc? 

23 

69 

175 

163 

74 







JMc? 

24 

68 

173 

163 

74 







JLc? 

23 

67 

170 

152 

69 


^ Subjects HG, DL, AM and EK served for 2 experimental periods. 

* Average of daily weights during 6-week period. Nude weight obtained by sub- 
tracting the weight of the usual amount of clothing from the daily weight. 

* Subject PH is Chinese. 


Diet and ascorbic acid intake 

The basal diet for 3 of the 4 exporiuieutal periods was 
similar to that reported by Lewis et al. (’43). This diet pro- 
vided from 10 to 13 nif*' of ascorbic acid, and was supplemented 
by doses of 20, 40 and 60 mg of synthetic ascorbic acid,* taken 
after breakfast. These doses, together with the ascorbic acid 
content of the basal diet, brought the total ascorbic acid intake 
to 33, 53 and 70 mg, respectively, in the 3 experiments. In 
the study on the 53-mg intake, the diet was modified so as to 
keep the thiamine intake constant for each subject (Gifft and 
Hauck, ’46). In the fourth experiment, which was designed 
primarily to study thiamine metabolism (Hathaway and 
Strom, ’46) a synthetic diet was used, including 50 mg of 
ascorbic acid. 

* Acknowledgment is made to Hoffmann-LaRoehe, Tnc., for a generous supply 
of synthetic ascorbic acid. 
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Plan of the experiment 

Preliminary saturation period. In order to assure full tissue 
stores for all subjects at the beginning of the experiments, 
they were given either the juice of 8 oranges, or 400 mg 
ascorbic acid daily for 3 days in addition to their usual diets. 
On the fourth day, subjects were given either the basal diet, 
or other food selected for its low ascorbic acid content, plus 
a test dose of 400 mg of ascorbic acid, 200 mg with breakfast 
and 200 mg with limcheon. Urinary excretions of ascorbic 
acid on this day were from 250 to 387 mg, well in excess of 
50% of the test dose. Fasting plasma ascorbic acid values 
were 1.2 mg % or more for all subjects at this time. 

Experimental period. The preliminary saturation period 
was followed by a period of 6 weeks on the level of intake 
under investigation, i.e., 33, 50, 53 and 70 mg per day, re- 
spectively, in the 4 experiments. 

Resaturation period. Following the period of 6 weeks on a 
constant level of intake, subjects were given daily 400 mg 
test doses of ascorbic acid, 200 mg with breakfast and 200 mg 
with luncheon, until the 24-hour urinary excretion of ascorbic 
acid exceeded 50% of the test dose. The subjects were then 
considered to be saturated with respect to ascorbic acid. 

Ascorbic acid determinations made. Daily determinations 
were made of the ascorbic acid content of the fasting plasma 
and 24-hour urine samples. Each 24-hour period ended with 
the collection of the specimen voided i hour before the fasting 
blood sample was taken. The fasting plasma level was con- 
sidered to be associated with the previous day’s intake ; there- 
fore, in making calculations, the fasting plasma values wei-e 
paired with the previous day’s urinary excretion values. 

In order to estimate the subjects’ renal thresholds for 
ascorbic acid, determinations were made of the hourly excre- 
tion of ascorbic acid, both at fasting and following ingestion of 
ascorbic acid, together with the corresponding plasma ascorbic 
acid values. Some of these data are presented here, since 
they provide additional evidence concerning the state of the 
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subjects’ tissue stores at the beginning and end of the experi- 
ment. The estimation of the renal threshold is reported in a 
separate publication (Klosterman et al., ’47). 

Analytical methods 

Each urine specimen, or an aliquot portion thereof, was 
acidified immediately with 10% by volume of 2 N sulfuric acid 
containing 2% of metaphosphoric acid. The acidified 24-hour 
specimens, or appropriate aliquot portions thereof, were re- 
frigerated and pooled for analysis. The ascorbic acid content 
of the urine was determined by titration with a buffered solu- 
tion of the indicator, sodium 2, 6-dichlorobenzenone-indo- 
phenol,® standardized twice weekly against a known solution 
of ascorbic acid. 

Reduced ascorbic acid in plasma was determined by the 
micromethod of Farmer and Abt (’36). 

The ascorbic acid content of foods in the basal diet was 
determined 3 or more times during each experimental period, 
using the indophenol titration method of Bessey (’38a) modi- 
fied by the use of the Waring Blendor (Davis, ’39). 

RESULTS AND DISCUSSION 

The results of these experiments are summarized in tables 
2 and 3. 

Evidence on the tissue reserves, obtained from the 24-hour 
excretion of ascorbic acid, was corroborated by the hourly 
determinations of urinary excretion and plasma levels of 
ascorbic acid, made in connection with the estimation of the 
subjects ’ renal thresholds. Typical curves obtained from such 
studies are presented in figure 1, A and B. Curves marked 1 
are representative of values obtained on the first day of the 
6-week period. The fasting plasma values for all subjects were 
near their renal thresholds for ascorbic acid, and were main- 
tained above the threshold value for several hours by the 
small daily supplement. This behavior is typical of subjects 

® Eastman Kodak Company. 
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TABLE 2 


lasting plasma aseorbio acid values for adult subjects on various levels of intake during a 6-weei 
and in response to 400-mg test doses at the end of the period. 


INTAKE AND 
SUBJECT 


MEAN FASTING PLASMA ASOOBBIO ACID 
VALUES IN MG % 


BESPONSE TO 400 MG TEST DOSE 
FASTING PLASMA ASOOBBIO ACT] 
VALUES, MG % 


1 

2 

Week’ 

3 

4 

5 

6 

1 

2 

Day 

3 

4 

5 

70 mg 












A.M.J 

1.07 

1.00 

0.89 

0.86 

0.89 

0.86 

1.5 

1.3 




P.H.C? 

0.76 

0.90 

0.66 

0.67 

0.70 

0.67 

1.1 

1.1 




E.K.cJ 

0.89 

0.76 

0.64 

0.61 

0.57 

0.50 

0.5 

1.0 

1.3 

1.2 


J.M.C? 

1.06 

0.94 

0.70 

0.63 

0.63 

0.63*(6) 

0.9 

1.2 

1.1 



J.L.C? 

0.83 

0.76 

0.61 

0.67 

0.66 

0.66 

1.1 

1.2 




53 mg 












A.M,? 

1.22 

0.83 

0.77 

0.74 

0.63 

0.63 

1.0 

1.3 

1.5 



E.K.C? 

1.03 

0.67 

0.57 

0.48 

0.44 

0.42 

0.6 

0.9 

1.2 

1.2 

1.4 


1.04 

0.71 

0.61 

0.53 

0.48 

0.46 

1.1 

1.1 

1.3 

1.4 


p.L.9 

1.25 

0.85 

0.78 

0.69 

0.61 

0.53 

1.1 

1.4 

1.6 



50 mg* 












D.L,9 

1.16(5) 

0.98(5) 

0.94(5) 

0.81 

0.84 

0.59 

1.0 

1.3 

1.3 



J.E.S.9 

1.15(6) 

1.03(6) 

1.02(4) 

0.83(6) 

0.77 

0.59 

1.1 

1.4 

. 1.4 



M.H.9 

0.93(6) 

0.73(6) 

0.73(3) 

0.63 

0.60 

0.50 

0.8 

1.0 

0.9 

1.1 

1.0 

33 mg 












E.H.9^ 

1.00 

0.69 

0.54 

0.40 

0.37 

0.34 

0.6 

0.9 

1.5 

1.3 


S.P.c?‘ 

0.96 

0.60 

0.50 

0.41 

0.34 

0.36 

0.7 

1.2 

1.3 

1.5 



0.93 

0,63 

0.51 

0.41 

0.37 

0.28(6) 

0.6 

0.7 

1.2 

1.4 

1.5 

L.G.9 

0.93 

0.61 

0.49 

0.41 

0.34 

0.31 

0.6 

0.8 

1.4 

s 

1.6 


‘Benal threshold. Data from Klosterman et al. (^47). 

* Weekly means were calculated from 7 daily values except where a figure in parentheses is givei 
dicate that the mean was derived from fewer values. 

* This subject had a cold with fever for 3 days during the sixth week of the experiment. 

* Synthetic diet used. In all other studies the basal diet was composed of foods low in ascorbic acid c 

' This subject had a mBd illness without fever on the fourth day of the resaturation period. Sii 
fasting plasma determination was made on this day, the experiment was continued 1 day beyond tl 
when more than 50% of the test dose was excreted in 24 hours. 

* Pasting plasma ascorbic acid values for this subject were at or above her renal threshold for tli 
2 days. 
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whose tissue reserves of ascorbic acid are full. Similar plasma 
ascorbic acid curves for A.M. and J.L. on the second morning 
of the resaturation period indicated that their tissue stores 
had been refilled. This was borne out by the excretion of over 

TABLE 3 

Twenty ’four hour urinary ascorbic acid values for adult subjects on various levels 
of intake during a 6-weeTc periody and in response to 400 mg test doses 
at the end of the period. 


\\ 


INTAKB AND 

filTTlx Tir/*trn 

MEAN 24-HOUB UEINARY EXCRETION 
VALUES FOR ASCORBIC ACID IN MO 

{ RESPONSE TO 400 MO TEST DOSES, 

24-IIOUR urinary EXCRETION VALUES 
FOR ASCORBIC ACID IN MQ 

D U l3«l V A 



Week 

1 






Day 


1 

2 

.3 

4 

5 

6 

1 

2 


4 .5 6 7 

70 mg 











A.M.9 

49 

21 

21 

24 

24 

23 

i 115 

266 




53 

20 

21 

22 

26 

25 1 

1 67 

253 



E-K-c? 

43 

33 

32 

30 

30 

32 1 

! 36 

67 

199 

294 


40 

19 

20 

23 

26 

28 

1 32 

190 

334 


J.L.C? 

41 

21 

22 

25 

23 

23 ! 

! 125 

236 



53 mg 






! 

! 

1 




A.M.9 

40 

19 

19 

19 

19 

17 ! 

28 

1 24 

1.55 

252 


E.K.c^ 

30 

24 

2.5 

25(6) 

24 

22 ' 

25 

39 

11^0 040 

H.G.c{ 

42 

21 

22 

20 

19 

17 1 

i 

84 

182 

302 

D.L.9 

.51 

23 

22 

21(6) 

22 

17 j 

, 27 

62 

215 


50 mg " 






' 





D.L.5 

.34(6) 

22 

17(6) 

17 

15 

15 * 

I 25 

110 

ooo 


J.E.S.9 

34 

23 

20(6) 

21 

19 

19 1 

1 24 

85 

900 


M.H.$ 

34 

22 

16 

17 

15 

14 j 

! 

32 

61 

117 124 148 183 

33 mg 











E.H.9 

37(6) 

26 

27(6) 

27 

24 

22 1 

; 25 

28 

129 

263 

S.P.(^ 

28 

20 

23 

21 

19 

17 i 

24 

29 

108 

263 

H.G.C? 

37 

23 

22(6) 

21 

17 

15 

25 

23 

30 

175 212 

L.G.$ 

30 

19 

21 

19 

18 

16 1 

20 

21 

•I.) 

230 295 < 


* Weekly means wore calculated from 7 daily values except where a figure in 
parentheses is given to indicate that the mean was derived from fewer values. 

* This subject had a cold with fever for 3 days during the sixth week of the 
experiment. 

■ Synthetic diet used. In all other studies the basal diet was composed of foods 
low in ascorbic acid content. 

* This subject had a mild illness without fever on the fourth day of the resatura- 
tion period. Since no fasting plasma determination was made on this day, the 
experiment was continued 1 day beyond the time when more than 50% of the test 
dose was excreted in 24 hours. 
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50% of the test dose by these subjects on this day. Note, how- 
ever, that the low fasting plasma values for subjects E.H. 
and H.G. following the period on a 33-mg intake, were raised 
only slightly by the 200 mg test dose on the ;first day of the 
resaturation period. On the third day, the test dose caused 
the plasma level of ascorbic acid to exceed the renal threshold 
for a short time, but the tissues were still avidly taking up 
ascorbic acid, so that little urinary excretion occurred. As 
judged by the 24-hour urinary excretion in response to the 
test dose E.H, required 1 more, and H.6. 2 more days to 
become saturated. 


URINARY EXCRETION OF ASCORBIC ACID, MG 

URINE PLASMA ASCORBIC ACID, MG % PLASMA 



Fig. 1 Plasma ascorbic add and urinary excretion curves following ingestion 
of ascorbic acid. In each case the dose of ascorbic acid was taken at the hour 
marked 0^ immediately following the collection of a 1-hour fasting specimen of 
urine, and i hour after the fasting blood sample was taken. Each subject's 
renal threshold for ascorbic acid is indicated by a line parallel to the base line. 
Fig. 1 A and B include representative curves for subjects on the 33 mg and 
7.0 mg intakes, respectively. 

Curves marked 1 represent data obtained on the first day of the experiment, 
following saturation when A.M. and JX. received 60 mg doses of ascorbic acid 
at the hour marked 0. 

Curves marked 2 and 3 represent data obtained during the resaturation period, 
when a 200 mg test dose was given at the hour marked 0. Curves marked E.H. 2, 
H.G. 2 and E.H. 3, H.G. 3 represent studies made on the first and third mornings 
of the resaturation period ; curves marked A.M. 2 and JX. 2 represent data ob- 
tained on the second morning of the resaturation period. 
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In comparing the results of experiments on the 3 levels of 
intake, the consistent behavior of subjects who served for 
2 experiments is noteworthy. Thus A.M. required 2 days for 
resaturation on the 70 mg intake, and 3 days on the 53 mg 
intake ; E.K. required 4 days on the 70 mg intake and 5 days 
on the 53 mg intake ; H.G. required 4 days on the 53 mg intake 
and 5 days on the 33 mg intake ; and D.L. required 3 days for 
resaturation after periods on 53 and 50 mg intakes. There 
was no indication that D.L. ’s ascorbic acid metabolism on the 
synthetic diet differed from her metabolism when the basal 
diet was composed of ordinary foods. 

In general, the reducing value of E.K. ’s 24-hour specimens 
of urine was higher than for the other subjects, after the 
first week of the study. This may have been related to a higher 
excretion of non-ascorbic acid reducing substances by this 
subject, since in a series of determinations with the photo- 
electric colorimeter by the method of Bessey ( ’38b), the mean 
urinary ascorbic acid excretion was 14 mg less than when 
estimated by direct titration, as compared with the following 
differences for other subjects studied at the same time: 
P.H., 6; A.M., 7; J.M. and J.L., 9 mg. We have found no 
constant relationship between the ascorbic acid values as 
estimated by these 2 methods. 

No explanation is apparent for the anomalous behavior of 
subject M.H. who did not excrete over 50% of the test dose 
even after 7 days, although her fasting plasma ascorbic acid 
value reached her renal threshold on the second day, and 
hovered about this concentration until the experiment was 
terminated because the subject left town. She was capable of 
excreting over 50% of the test dose because she did so during 
the preliminary saturation period. 

Although the 70 mg intake of ascorbic acid was not sufficient 
to maintain any of the 5 subjects in a state of tissue satura- 
tion, 4 of the 5 reached a plateau in urinary excretion of 
ascorbic acid after the first week and in fasting plasma 
ascorbic acid values after the second week on this intake 
(tables 2 and 3). Probably these subjects had reached a stable 
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state in which the tissue reserves were being maintained at 
a level slightly below saturation. The prompt response of 
both plasma and urinary excretion values during the resatura- 
tion period indicates that except for subject E.K., these adults 
had suffered only slight depletion of their tissue stores of 
ascorbic acid in 6 weeks on the 70 mg intake. In a large scale 
experiment, I/inghorne et al. ( ’46) found that slightly higher 
intakes, approximately 75 and 80 mg per day, maintained 
plasma values between 0.7 and 1.0 mg % in young E.C.A.F. 
personnel for a period of 8 months. 

In contrast to the relatively good stores on the intake which 
approximated the National Research Council allowance of 
ascorbic acid, marked depletion of the tissue stores occurred 
in 6 weeks on the 33 mg intake, which approximates the League 
of Nations standard. This depletion may not have reached 
its maximum for this intake, for the fasting plasma ascorbic 
acid and urinary excretion values had not reached a definite 
plateau in the 6 weeks (tables 2 and 3). Possibly the values 
would not have fallen much lower had the experiment been 
continued, for Linghorne et al. (’46) observed only slightly 
lower plasma values, approximately 0.25 mg % for subjects 
who were maintained on a 25 mg intake for 8 months. 

As would be expected, the results on the intermediate in- 
takes were intermediate between those on the intakes approxi- 
mating the National Research Council allowance and the 
League of Nations standard. These experiments provide no 
evidence concerning the value of tissue reserves of ascorbic 
acid from the standpoint of health. 

SUMMARY 

The ascorbic acid metabolism of normal adults was studied 
on 3 levels of intake for periods of 6 weeks, followed by re- 
saturation periods. Five subjects received the 70 mg intake, 
which approximated the National Research Council allowance ; 
6 subjects received either an intake of 50'mg of ascorbic acid 
as part of a synthetic diet, or 53 mg, with a basal diet of 
ordinary foods, 1 subject serving for both experiments; 4 
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subjects received an intake of 33 mg, which approximated the 
League of Nations standard allowance. Depletion of tissue 
stores was slight on the 70 mg allowance, moderate on the 
allowance of 50 to 53 mg, and fairly marked on the 33 mg 
intake, without evidence that the maximum depletion had been 
reached at the end of the 6-week period on this intake. 
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After describing briefly 2 physical methods, 21 chemical 
methods, and 1 biochemical method, Rosenberg (’45) stated 
“Although the chemical, and to a small extent also, physical 
methods are replacing more and more the biological deter- 
minations of vitamin C, the biological tests maintain their 
place as the ultimate and most correct method of determining 
vitamin C.’’ The problem of the assay of this vitamin was of 
particular concern to the Canadian Government during the 
war yeai’s because of the difficulty of providing natural sources 
of vitamin C to the armed forces for a considerable portion 
of the year. Inasmuch as different chemical procedures fre- 
quently gave different results as to the potency of a food in 
which the armed forces were interested, this laboratory was 
requested in 1942 to undertake the establishment of a vita- 
min C bioassay which might be used as a check against chem- 
ical procedures. 


THE BASAL DIET 

Most biological assays for vitamins depend ultimately on 
the normal development of the experimental animal, either as 

‘ Contribution from the Faculty of Agriculture, McGill University, Macdonald 
College, Quebec, Canada. Journal Series no. 223. 
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a whole, as measured by growth ; or of some tissue which cau 
be observed separately and on which the vitamin appears to 
have specific etfects. Since the development of the tissues of 
the body may be limited through diet inadequacies, it is ob- 
viously essential that any diet, to be fully satisfactory as the 
basis of a bioassay, must l)e nutritionally complete with the 
exception of the vitamin to be studied. 

Insofar as we are aware, the nutritional requirements of the 
guinea pig are not as yet completely known — in the sense at 
least that it has not yet been possible to provide either a 
purified diet or one of natural foods which is fully successful 
in maintaining normal growth and reproduction, unless some 
fresh herbage is also fed. Several of the diets, fortified with 
ascorbic acid, which have been reported for the bioassay of 
vitamin C have proved in this laboratory to be entirely in- 
adequate to support a successful pregnancy or to promote 
normal growth of young pigs to maturity. 

We were faced at once, therefore, with the necessity of 
developing a basal diet for the assay. Suitable criteria of 
nutritional adequacy offered some problems, but due to the 
fact that the young guinea pig has a particularly long intra- 
uterine life, and that it is physiologically much more mature 
at birth than most other small animals, it was believed that 
dietary deficiencies might be manifest by reproductive failure 
or by sub-normal performance of breeding females confined to 
such rations. It was decided, therefore, to feed to pregnant 
guinea pigs, different basal diets suitable with respect to such 
factors as palatability, physical nature and freedom from 
vitamin C, and to note their ability to complete normal repro- 
duction. Comparable females, fed the same diets plus green 
feed, were used as controls. All test basal diets were supple- 
mented with ascorbic acid as the sole source of vitamin C. 

In addition to the pregnancy' tests, the more promising of 
the mixtures were subjected to growth-tests with groups of 
young animals fed against check groups receiving the same 
rations plus green feed. 
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As a result of these studies a basal diet has been devised 
for the vitamin C bioassay. It is called the Macdonald Guinea 
Pig Basal Diet no. 5, and has the following percentage com- 
position: ground oats 15, ground wheat 13,^ ground, dried 
beet-pulp 25, linseed oilmeal 12.5, skimmilk powder 15, fish- 
meal 5, brewer’s dried yeast 10, bone char 4, and salt 
(iodized) 0.5. 

For feeding, the mixture is pressed into pellets of about 
one-eighth inch diameter. We have found that while guinea 
pigs will scratch a meal mixture out of their feeders, they 
will eat the same mixture without waste when it is offered 
in small pellet form. In addition to the dry basal mixture, the 
pigs were supplied directly with: vitamins A and D as a 
feeding fish oil ; vitamin E as alpha tocopherol ; and vitamin C 
as ascorbic acid. It may be noted that wheat germ to the 
extent of 10% of the basal mixture did not prevent muscle 
degeneration and hemorrhage which were entirely corrected 
by daily allowances of 3 mg of alpha tocopherol. 

In our exi)erience, when this vitamin -supplemented ration 
is fed ad libitum along with either fresh or with dried, long- 
storeil gi'ass clippings, reproduction (80% successful preg- 
nancies) and the growth of young are normal; whereas if the 
roughage is omitted, only about 66% of pregnancies are suc- 
cessful and there is some, though not a marked slowing of 
growth of the young to maturity. It may be noted that the 
dried herbage clippings used were not anti-scorbutic. Because 
of the evident cravMng for edible roughage, it is interesting to 
speculate as to whether or not some of the failure which has 
been reported in the preparation of purified diets for guinea 
pigs is not related to the need of this species for roughage 
material to maintain normal caecum function, comparable to 
the case of the rumen with ruminants. 

Prom our obsei’vations of several hundred pregnant gTiinea 
pigs and of their progeny, we have now constructed what may 

^ Five pounds of this component may be replaced, if desired by an equal weight 
of molasses for greater ease in pelleting. 
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be called a “normal standard” for the behavior of guinea 
pigs on this diet regime. It may be summarized as in table 1. 

Although it is evident from these tests that the diet which 
we are using without roughage for the odontoblast assay is 
not entirely complete nutritionally when judged by the severe 
criterion of adequacy for reproduction, yet young pigs carried 
on bioassay, on this diet, show no abnormalities at post- 
mortem examination at the end of the 42-day assay period 
provided the ascorbic acid has been supplied in amounts of 
2 mg per pig per day or greater. 

TABLE 1 


Typical a'Oerage performance of guinea pigs on vitamins A, 
supplemented Macdonald guinea pig diet no. 5. 

r, T> and F 

RESPONSE WITH REGARD TO 

WITHOUT 

ROUGHAGE 

WITH FRESH 

OR DRIED 
ROUGHAGE 

Successful pregnancies 

67% 

80%. 

Hemorrhage and resorption of fetus 

20% 

20% 

Abortion 

13% 

0% 

Number of pigs per litter: 



total 

3.7 

3.9 

born alive 

3.0 

3.5 

weaned 

3.0 

3.5 

Birth weight of pigs born alive 

100 gm 

100 gm 

Weight at 21 days (weaning time) 

260 gm 

275 gm 

Gains per wk. from weaning time to 

500 gm (females only) 

30 gm 

4.3 gm 


The hioassay procedure 

Numerous workers have described the radical clianges which 
occur in the scorbutic guinea pig tooth and these changes have 
been used in subjective assay methods as an index of the 
vitamin C intake of young guinea pigs. All of these methods 
suffer from an inherent lack of precision. In 1940, an objective 
method of assay was proposed by Boyle, Bessey and Howe 
based on their finding that the width of the dentine layer of the 
incisor tooth varied with the vitamin C intake. This method 
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appeared to avoid the difficulty of assessing the degree of 
tooth damage involved in earlier tooth assay methods. How- 
ever, in examining the teeth of pigs on varying intakes of 
ascorbic acid, we were impressed with the clear-cut and easily 
measured differences in the lengih of the odontoblast cells 
(see fig. 1). 



O.n mg 1.0 mg 2.0 mg 

Fig. 1 Photomicrographs (X 440) showing development of the odontoblast 
cells in guinea pig incisor teeth resulting from the daily intake of 0.5, 1.0, and 
2.0 mg of ascorbic acid, respectively. P, o, and d indicate pulp, odontoblasts and 
dentine, respectively. 


In the mildly scorbutic guinea pigs the odontoblast cells at 
the formative end of the incisor tooth appear practically 
normal, while further incisally they become shorter and ir- 
regular in position (see fig. 2). 

In the normal guinea pig, the odontoblasts, differentiating 
at the formative end of the tooth, increase in length until they 
reach maturity. At the senile end of the tooth, the odonto- 
blasts have degenerated and are embedded in calcific scar 
tissue, or secondary dentine. Between these 2 well-defined 
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regions lies a row of tall columnar mature odontoblasts. Cell 
measurements must be taken in this area (figs. 3, 4 and 5). 

These changes can be seen in longitudinal sections cut to 
expose the full length of the pulp cavity of the incisor tooth 



Fig. 2 Photomicrograph (X 100) showing irregular odontoblast row in a 
scorbutic tooth. (P) indicates disorganized pulp, (cs) calcific scar tissue, (o) de- 
generating odontoblasts, and (d) dentine, respectively. 



Fig. 3 Formative end of incisor tooth showing embryonic odontoblasts. 
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and are easily measured with a microscope fitted with a 
micrometer eye piece. 

The length to which these colls develop in pigs of 250 to 
400 gm weight, is apparently limited by the level of vitamin C 
intake, and ranges from about 30 microns with intakes of 
0.5 mg of ascorbic acid daily, to a maximum of about 70 
microns with intakes of 2 mg or over. Within this range of 



Fig, 5 Iiicisul end of incisor tooth showing senile odontoblasts. (P) indicates, 
pulp, (o) odontoblasts, and (d) dentine, respectively. 
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intake, the odontoblast length bears a logaidthmic relation to 
the vitamin C fed. With intakes of less than 0.5 mg the cells 
are so disorganized that accurate readings are difficult, and in 
addition, frank scurvy is present in many individual animals 
which, in our opinion, renders them unacceptable for assay 
purposes. 


Allotment considerations 

We have now conducted tests involving some 650 pigs, aimed 
at establishing an assay procedure having the obviously 
desirable characteristics of precision, simplicity and reli- 
ability. 

In this connection it may be stated that when raised to assay 
age on our vitamin supplemented basal diet, the absence or use 
of green feed is apparently immaterial. Further, there are no 
differences between the sexes in odontoblast cell development 
and the animals may be penned alone or in groups during the 
assay. Somewhat more regular curves have been obtained in 
assays of 35 and 42 days than on shorter periods, and selection 
of pigs for assay on the basis of age (28 days) has been 
preferable to the use of an attained live weight of 300 
(±; 5) gm. 


Limits of assay range 

The response to ascorbic acid of pigs carried under assay 
conditions has been measured at daily intakes of 0.25, 0.50, 
1.0, 2.0, 4.0, and 8 mg. In our experience, pigs carried for over 
28 days on intakes of 0.25 mg of ascorbic acid have shown 
frank scurvy including capillary hemorrhage in the hind legs. 
No cases of clinical scurvy have been seen on intakes of 0.5 mg 
per day. 

At the upper end of the range we have not found satisfactory 
increased response with intakes of 4,0 or 8.0 mg over that 
shown for 2.0 mg. We have not thus far investigated values 
intermediate between 0.25 and 0,5 mg, or between 2,0 and 
4.0 mg of ascorbic acid. 
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Precision of the assay 

In all tests, in addition to the odontoblast readings, the 
gains of the animals have been recorded and a gain response 
curve determined. When male animals only are used, the 
mean estimated potency of the carrier was frequently approxi- 
mately the same as determined from the odontoblast readings. 
The response of the females, however, was usually unsatis- 
factory because of much slower gains. 

The relative precision of the 2 methods (gain vs. odonto- 
blast) is striking. The precision of an assay of this type may 
be expressed as the ratio of the standard error of the mean 
difference between 2 levels of vitamin intake and the slope 
of the regression connecting them, 

p’-= I X V4- w 

where n is the number in the group, o the standard deviation 
of the assay, and pr the precision. 

One measure of the relative precision may be indicated by 
the number of animals needed per group to give the same 
values for pr. For this purpose we may write the above 
formula in the form of 


The number of animals needed per group (i.e., test level 
group) where growth is the criterion to give a precision (pr) 
equal to that attained with the number actually used for the 
odontoblast readings may then be calculated by using in 
formula (2) the values of pr^ found for the odontoblast read- 
ings and those of o® and JP found for the growth values. The 
n thus found will be compared to the n used in the odontoblast 
calculations (see column “nc” of table 2). 

Another w^ay of indicating relative precision involves a 
comparison of the precision indexes of the 2 methods. This is 
shown in the last column of table 2. 
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The relevant data for 7 separate assays are given in table 2. 
In onr experience the odontoblast method has consistently 
given an appreciable increase in precision over the growth 
method of estimating vitamin C intake. 

TABLE 2 

Belative prevision of growth vs. odontoblasts as criteria of vitamin C 
intaTce for guinea pigs. 


SrB.STANCE ASSAYED 

ODONTOBLAST METHOD 

GROWTH METHOD 

nc ^ 

RELA- 

TIVE 

PRE- 

eisioN 

<r 

h 

n 

pr 

a' 

7 / 

n' 

pr' 

Aqueous soln. aseorliic 

2.8 

32 

10 

.039 

49.3 

247 

10 

.089 

53 

.44 = 

Fresh orange juice 

8.5 

21 

10 

.074 

56.5 

61 

10 

.415 

314 

.18 

Cone, orange juice 

5.4 

59 

6 

.053 

26.5 

135 

6 

.113 

28 

.47 

Aqueous soln. ascorbic 

3.2 

21 

10 

.070 

57.6 

105 

10 

.244 

122 

.29 

Fresh orange juice 

3.2 

18 

10 

.082 

57.6 

122 

10 

.211 

66 

.39 

Synthetic orange juice 

3.2 

22 

10 

.065 

57.6 

94 

10 

.273 

177 

.24 

Apple juice 

3.2 

33 

10 

.044 

57.6 

192 

10 

.134 

95 

.33 


^ nc in growth assay to give pr equal to odontoblast assay. 

® i.e.f Growth assay has 44% the precision of the odontoblast assay. 


Details of assay procedure 

The details of the proeedni’e now nsed in this laboratory 
are as follows : 

Young guinea pigs bred in our own colony and raised fr-om 
mothers maintained on the basal diet, above described, sup- 
plemented with vitamins A, C, D and E plus either hay or 
greenfeed as available, are at 28 ( ± 3) days of age, allotted at 
random to individual cages and allowed free access to the 
pelleted basal diet and water. Vitamins A, D and E in corn 
oil are administered weekly, by means of a calibrated hypo- 
dermic syringe, with needle removed, in amounts to provide 
the equivalent of 425 I. IT. of vitamin A, 48 1.TJ. of vitamin D 
and 3 mg of alpha tocopherol daily. 

Both the unknown and the control source of vitamin (/ are 
fed at each of at least 3 levels of intake, spaced at equal log 
intervals. We have continued the restriction in allotment that 
there shall be equal numbers of each sex on each dose level. 
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and for convenience, have continued the use of individual 
penning. (Normally not less than 10 animals per dose are 
used.) 

The feeding period for all pigs is 42 days. Since individual 
penning is employed, different pigs can start and hence com- 
plete a trial at different times. This is advantageous not only 
in the problem of obtaining the needed numbers of animals for 
assay at any given time, but especially in avoiding the neces- 
sity for processing undue numbers on a single day at the end 
of the feeding period. 

Preliminary preparation of the tooth 

At the conclusion of its 42-day feeding period each animal is 
sacrificed by chloroform. Its lower jaw is removed and divided 
by a vertical incision between the incisors. The exposed por- 
tions of the incisor and that portion of the mandible extending 
beyond the molars are clipped off (fhus allowing the fixing 
agent more easily to roach the pulp of the incisor), and the 
remainder placed in 10% formalin. 

Following a minimum fixation period of 48 hours in 10% 
formalin, the teeth are washed in 70% alcohol for 24 hours. 
Decalcification is then carried out in 10% nitric acid, chang- 
ing the acid every second day. In 36 to 48 hours the unwanted 
molar and a jaw tissue is readily trimmed away. The tooth 
is tested with a sharp needle and is removed from the acid 
when the entire specimen can be pierced easily. Complete 
decalcifi cation is usually accomplished in 3 to 4 days. 

After rinsing in 1 or 2 changes of water, the teeth are placed 
in 2% potassium alum for 12 hours. This is followed by 
another rinse in water and a transfer to 5% sodium bicar- 
bonate for 24 hours. 

The incisors are then thoroughly washed in running water 
for 12 to 24 hours, using a washing bobber, and are prepared 
for embedding in the steps indicated in table 3. 

Based on method published by F. W. Gairns. Stain Technology, vol. 19, no. 4, 
1944. 
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The teeth are now orientated for longitudinal sectioning, 
embedded in new 60° C. paraflSn, and cooled. 

Gutting. The paraffin block containing the embedded tooth 
is secured in the microtome jaw and sections removed until 
the center of the tooth is exposed, i.e., to the point where the 
pulp cavity ceases to increase in leng^th or width. From the 
ribbon of sections representing the tooth center, 4 to 6 sec- 
tions of 8 to 10 microns in thickness are selected for micro- 
scopic examination. 

TABLE 3 

Steps throvgh alcohol to paraffin. 


MATERIAL 

IN 

OUT 

10% alcohol ' 

9:00 a.m. 

12:00 noon 

20% alcohol ' 

12:00 noon 

5:00 p.m. 

40% alcohol ’ 

5:00 p.m. 

9:00 a.m. 

60% alcohol ' 

9:00 a.m. 

12:00 noon 

80% alcohol ' 

12:00 noon 

5:00 p.m. 

Absolute alcohol 

5:00 p.m. 

9:00 a.m. 

Absolute alcohol 

9:00 a.m. 

10:30 a.m. 

Cedarwood oil 

10:30 a.m. 

12:00 noon 

52 ®C. paraffin 

12:00 noon 

2:30 p.m. 

60 ®C. paraffin 

2:30 p.m. 

4:30 p.m. 


changing once 


‘ Phenol may be added to these alcohols up to 6% to impart an elasticity to the 
tissues, thus facilitating the cutting of thin sections. 


Chilling both knife and blocks in ice water for 10 minutes 
before sectioning increases the ease with which sections 
are cut. 

Staining. Erhlich’s acid haematoxylin and the counterstain 
eosin are employed in ordinary progressive staining. 

The odontoblast row of each of the sections on the slide is 
examined and 5 readings are taken from that section bearing 
the highest odontoblasts. The average of these is considered 
to represent the maximum height of the odontoblast cells of 
that animal. 

Measurements are made under 440 magnification by means 
of an ocular micrometer and the readings are subsequently 
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converted to microns. Groups of cells of the same height in 
the central area of maximum odontoblast development are 
chosen. Measurements are not made in the regions of the 
dental papilla, nor at the biting end of the tooth where the 
odontoblasts are seen in their embryonic and senile states, 
respectively. On levels of ascorbic acid below 1.0 mg the 
odontoblast development is more irregular and the avoidance 
of single cell readings is not always possible. 

Statistical treatment of the data 

The feeding tests are designed to permit standard analysis 
of the variance of the data and the application of the factorial 
scheme for isolating individual treatment effects as described 
by Bliss and Marks (’39). As already mentioned, at least 3 
levels of known and unknown are fed. The factorial analysis, 
however, is applied to the levels of unknown which lie within 
the limits of the linear response of the known. By this pro- 
cedure, the difficulty with levels of unknowns which prove to 
lie outside the limits of linear response is avoided. 
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THE RENAL THRESHOLD FOR ASCORBIC ACID 

A MODIFIED METHOD FOl! ITS ESTIMATION WITH RESULTS 
FOE TWELVE ADULT SUBJECTS ^ 
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HAZEL M. HAUCK AND ALICE B. KLINE 
New York' State College of Home Economics, and School of Nutritiony 
Cornell University, Ithaca, New York 

(Heoeived for publication November 27, 1946) 

A method for estimating the renal threshold for ascorbic 
acid has been reported from this laboratory by Lewis, Storvick 
and Hauck (’43). A majority of their subjects were studied 
for 2-week periods, with daily determinations of fasting 
plasma ascorbic acid and corresponding 1-hour urinary excre- 
tion values. In later studies in this laboratory, such detei-mina- 
tions were made daily for 6 weeks. With a large number of 
fasting values, a statistically significant difference was some- 
times found between 2 means, both of which were below the 
renal threshold as estimated by inspection of the arrayed data 
and scatter diagrams. This paper presents a modified method 
for treating such data, with values for renal thresholds for 
ascorbic acid for 12 adult subjects, 1 of whom was previously 
studied by Lewis, Storvick and Hauck ( ’43). 

EXPERIMENTAL PROCEDURE 

Personal data concerning the subjects, the diets and experi- 
mental procedure are reported in connection with the studies 

' Some of the data in this paper are taken from theses presented to the faculty 
of the Graduate School of Cornell University in fulfillment of the requirement for 
the M.S. degree, by Ann C. Moore, June 1944, and J. Estelle Haines, February 
1946. Further details will be found in the theses. 
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on tissue reserves of ascorbic acid at various intakes (Haines 
et al., ’47). 

Blood and urine samples to be used in estimating the renal 
threshold were obtained as described by Lewis, Storvick and 
Hauck (’43) for their second series of experiments, i.e., the 
blood sample was taken midway in the hour for which the 
urine specimen was collected. Some of these specimens were 
obtained imder fasting conditions, and some after various 
sized doses of ascorbic acid. 

METHOD OF ESTIMATING THE BENAL THRESHOLD 

In our modified method, inspection of the means and 
standard deviations for hourly urinary excretion of ascorbic 
acid at various plasma levels is substituted for Student’s 
(’25) “t” test for determining the mathematical significance 
of the differences between means. The first step was to array 
the data for plasma ascorbic acid values for each subject, with 
the corresponding hourly urinary excretion values. Scatter 
diagrams were also made from these data. From inspection 
the apparent renal threshold for ascorbic acid was noted for 
each subject. The mean value, with its standard deviation, 
for urinary excretion of ascorbic acid at the apparent renal 
threshold was then calculated. This was compared with the 
mean value and its standard deviation for urinary excretions 
at all plasma levels below the apparent renal threshold. Since 
by definition, the renal threshold for ascorbic acid is the 
plasma concentration at which a marked rise in urinary excre- 
tion of ascorbic add occurs, if the threshold value obtained by 
inspection is correct, the excretion of ascorbic acid at this 
plasma value will be relatively large and variable. Below 
the renal threshold, the excretion is .low and relatively con- 
stant (Friedman, Sherry and Balli, ’40). To test the validity 
of the apparent renal threshold, similar calculations were 
made for plasma values 0.1 mg % below and 0.1 mg % above 
the apj^rent renal threshold. 
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RESULTS AND DISCUSSION 

Renal threshold values for 12 subjects 
Mean urinary excretion values for ascorbic acid correspond- 
ing to plasma values at, above and below the renal thresholds 
for 12 subjects are presented in table 1. For these subjects, 
the renal threshold values for plasma ascorbic acid as esti- 
mated by this method, ranged from 1.0 to 1.3 mg %. Mean 
excretion values for ascorbic acid at the threshold were all 
above 2 mg per hour, with most standard deviations con- 
siderably more than half the mean. 

Of the renal thresholds for ascorbic acid reported in this 
paper and that of Lewis, Storvick and Hauck (’43), for 23 
individuals, 21 were between 1.0 and 1.3 mg %. Inspection of 
the data for the entire series suggests that if a subject ex- 
cretes 2 mg or more of ascorbic acid in 1 hour, his plasma 
ascorbic acid value has almost certainly exceeded his renal 
threshold during that hour, whereas if the excretion is 1.0 mg 
or less, it probably has not. 

Comparison of the modified method for estimating 
renal threshold for ascorbic add with that of 
Lewis, Storvick and Hauck (’43) 

When the method described in this paper was applied to the 
data of Lewis, Storvick and Hauck (’43), the estimated renal 
thresholds were the same in all cases. When the method of 
Lewis, Storvick and Hauck was applied to data for the sub- 
jects of the present study, odds for signiificance for points 
below the apparent renal threshold were more comparable 
with those of Lewis, Storvick and Hauck when the fasting 
plasma values used in the calculations were limited to 2 weeks 
of the study. Thus the method presented here appears to 
have a wider usefulness than that previously devised in this 
laboratory. 

Stability of the renal threshold for ascorbic acid 
In the present study, 4 subjects, E.K., D.L., H.G. and A.M., 
were subjects for 2 successive years. Subject J.M. served 
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^ This subject also served for the experiments of Lewis, Storvick and Haiick (M3). 
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for this experiment and also that of Lewis, Storvick and Hauck 
(’43). These authors also reported the renal threshold for 
1 subject (J.S.) who served for 2 successive years. Whether 
values for these subjects were calculated for the separate 
years or combined, the estimated renal thresholds were the 
same. Evidence from these 6 subjects suggests, therefore, that 
the renal threshold for ascorbic acid is relatively stable in the 
normal adult from year to year, and, within the limits of this 
experiment, at various levels of intake. 

SUMMARY 

A modified metliod for estimating the renal threshold for 
ascorbic acid based on the comparison of means and standard 
deviations for urinary excretions at various plasma ascorbic 
acid levels is presented. This method is simpler and appears 
to have a wider usefulness than that previously reported from 
this laboratory. 

The renal thresholds for 12 normal adults, as estimated by 
this method, were between 1.0 and 1.3 mg %. 

Further evidence is presented that the renal threshold for 
ascorbic acid is relatively stable from year to year. 
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Variations in tlie urinary excretion of ascorbic acid 
(Fernandes, ’39; Pillay, ’40; Mickelson et al., ’43; Hartzler, 
’45) and in fasting plasma ascorbic acid values (Mickelson et 
al., ’43) in relation to the menstrual cycle, have been reported, 
but these reports are not in agreement. Fernandez ( ’39) ob- 
served “inconceivably high values’’ for dye reduction by urine 
just before menstruation, whereas Hartzler noted low values 
for urinary excretion of ascorbic acid just before and/or during 
the early part of the menstrual period. Pillay ( ’40) found the 
lowest excretion of ascorbic acid after a test dose at the mid- 
point of the menstrual cycle, whereas Mickelson et al. (’43) 
found “a sharp increase in the fasting level of plasma vitamin 
C’’ in some women during the middle of the menstrual 
cycle, with some increase in vitamin C excretion on the days 
corresponding to this peak. 

Some day-to-day variations occur in fasting plasma levels 
and urinary excretion of vitamin C even on a constant diet. Of 
the investigations mentioned, however, only 2 were during 
controlled vitamin C intake, namely that of Hartzler ( ’45) in 
which the variations with menstruation were noted in 1 series 

'Most of the vitamin C determinations were made by Clara A. Storvick, Ann 
C. Moore, Alice Kline, Margaret Delaney and Estelle Haines in connection with 
Purnell projects directed by the author. 
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of experiments but not in another, and that of Mickelson et al. 
( ’43) in which 1 of 8 subjects was kept on a constant vitamin C 
intake throupjhout 1 menstrual cycle. 

Since, in the course of our studies on vitamin C metabolism, 
a number of women subjects have been maintained on a con- 
stant level of vitamin C intake for periods of 4 and 6 weeks, 
the data obtained on fasting plasma values and urinary 
excretion of vitamin C were examined to see if any relation 
to the menstrual cycle could be noted. , 

EXPEBIMENTAL 

Ten women subjects served during experimental periods of 
4 or 6 weeks, i.e., enough to include 1 menstrual cycle. In all, 
data were available for 30 menstrual periods. In 10 instances 
2 menstrual periods occurred in the course of an experiment, 
so that the urinary excretion and the plasma ascorbic acid 
values could be noted for the midpoint of the cycle. 

Details as to the experimental procedures and diet are 
reported elsewhere (Belser, Hauck and Storvick, ’39; Storvick 
and Hauck, ’42; Haines et al., ’47). The results are presented 
in table 1. When a menstrual period occurred at the beginning 
or end of an experiment, values for those days during the pre- 
saturation or resaturation periods were not included, i.e., all 
values shown in table 1 are for days or periods on the con- 
stant level of intake stated. 

Since all of the experiments began with a period of high 
intake of ascorbic acid to assure saturation, there was some 
downward trend in urinary excretion and plasma ascorbic 
acid values for all subsequent intakes. The week of the ex- 
periment during wOiich the menstnial period occtirred is indi- 
cated since, in general, weekly means for the early part'of the 
experiment were above the general mean, whereas those 
toward the end of the experiment were below^ it. M6st in- 
stances in which the values related to' the menstrual period 
differed from the m^an by more than the standard deviation 
occurred toward the beginning or end of the experiment, and 
this circumstance, rather than the associated menstrual period. 
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TABLE 1 

Plasma values and urinary excretion of ascorbic acid in relation to the 
menstrual period. 


sa „ 
is a 

a it 


PLASMA ASCORBIC 

ASCORBIC ACID IN URINE, MG ACID VALUES, MG % 



1). L . 

53 

3 

23 ± 6 

22 

22 

22 






50 

3 

18 ±: 4 

16 

18 

18 





J.E.S. 

50 

2 

21 ± 4 

25 

22 

19 

17 

4 

0.9 ± 0.2 

0.8 


50 

6 

21 ± 4 

IS 

16 

16 





M.H. 

50 

3 

18 ± 5 

20 

16 

17 

17 

4 

0.7 ± 0.1 

0.6 


50 

6 

18 ± 5 

15 

16 

B 





E.H. 

33 

4 

25 ± 4 

23 

SO 

26 

26 

2 

0.5 ± 0.2 

0.7 

L . G . 

33 

3 

19 ± 3 

21 

20 

21 

18 

5 

0.6 ± 0.2 

0.4 

A.M. 

70 

3 

24 ± 6 

20 

21 

22 

18 

4 

0.9 ± 0.1 

0.8 


70 

6 

24 ± 6 

18 

26 

23 • 






53 

4 

19 ± 3 

18 

18 

18 

20 

2 

0.8 ± 0.2 

0.9 

C . S . 

210 

3 

154 ± 18 

148 

140 

146 






135 

1 

82 ±10 

90 

97 

85 






110 

1 

69 ± 10 

68 

64 

62 






100 

3 

49 ± 20 

30 

31 

35 






66 

2 

29 ± 8 

26 

29 

26 





K . J . 

210 

2 

164 ± 14 

153 

171 

162 






85 

1 

45 ± 10 

75 

64 

59 

37 

2 

1.2 ± 0.1 

1.1 


85 

4 

45 ± 10 

35 

40 

6 






75 

3 

38 ± 11 

44 

35 

38 





H.H. 

210 

3 

163 ± 13 

165 

144 

160 






135 

2 

87 ± 11 

93 

T 

96^ 






110 

3 

65 ± 12 

70 

61 

64 






100 

1 

58 ± 13 

163 

no 

90 

50 

2 

0.8 ± 0.1 

0.6 


100 

4 

58 ± 13 

58 

52 

8 






60 

2 

26 ±11 

26 

30 

25 





J.S. 

210 

1 

158 ± 14 

226 

176 

184 

154 

2 

1.3 ± 0.1 

1.3 


210 

4 

158 ± 14 

164 

151 

149 






60 

1 

26 ± 9 

8 

170 

89 

30 

2 

1.0 ± 0.1 

1.0 


60 

4 

26 ± 9 

21 

21 

20* 






^Week of experiment in which menstrual period started. 

• Values for first 2 days of experimental period omitted in calculating the general 
mean. 

• Value for mid^point of menstrual cycle. 

^Week of experiment in which mid-ppint of menfetrual cycle occurred. 

^ One day only on constant intake. 

• Two days only on constant intake. 

’ Value not obtained on first day of menstrual period. 

• During presaturation period. 

‘ Values which differ from the mean value for the period by more than the standard 
.deviation have been italicized. 
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might account for the deviation from the mean value for the 
period. Note, for example, that of 30 urinary excretion values, 
obtained on the day before a menstrual period only 4 differed 
from the mean value by more than the standard deviation. 
The 3 instances in which the differences were positive, all 
occurred during the first week of the experiment, whereas the 
1 instance in which the difference was negative occurred in the 
last week of the experiment. Similarly, few marked varia- 
tions from the means were noted among urinary excretion 
values for the first day or for the entire menstrual period. 
In most of these instances, the downward trend in urinary 
excretion values for vitamin C, rather than menstruation, 
might account for the unusual values. 

Of 10 plasma ascorbic acid values obtained at the mid- 
menstrual period for 8 women, only 1 differed from the mean 
for the experiment by more than the standard deviation. In no 
instance was there an unusual ascorbic acid excretion at the 
mid-menstrual period. 

Not only were unusual variations in urinary excretion of as- 
corbic acid at the menstrual period the exception rather than 
the rule, but such unusual variations as were noted were not 
consistently in 1 direction. Equally great variations, both 
positive and negative, have been noted in excretion values for 
our male subjects. 


SUMMABT 

In 10 women subjects whose ascorbic acid metabolism was 
studied for a total of 23 periods of from 4 to 6 weeks duration, 
during which 30 menstrual periods occurred, no evidence was 
found of unusual variability in either urinary excretion of 
ascorbic acid or fasting plasma ascorbic acid values assoc- 
iated with the menstrual cycle. 
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The theory that “avidin” (Eakiii et al., ’40, ’41) or “anti- 
biotin” (Woolley and Longsworth, ’42) of raw egg-white 
combines with biotin in the digestive tract making biotin 
unavailable for absorption and resulting in an induced defi- 
ciency (Parsons et al., ’40; Gybrgy et al., ’41) is now well 
accepted. Du Vigneaud et al. (’42) have suggested that the 
urea grouping of biotin is essential for the combination of 
biotin with avidin. The present study was initiated in an at- 
tempt to obtain additional evidence on the biotin-avidin 
interrelationship in the digestive tract by means of biotin 
balances. The experimental data were obtained during the 
years 1940-1942 but because of unforseen circumstances pub- 
lication has been delayed until the present time. 

EXPERIMENTAL 

The fate of the biotin in the pre.sence and absence of egg- 
white was studied in young rats during induced deficiency and 
recovery periods, and in adult rats on rations with and without 
egg-white and a rich source of biotin. 

^Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 

This work was supported in part by a grant from the Wisconsin Alumni Re- 
search Foundation. 
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Rations 

Bations containing either raw or thoroughly cooked dried 
egg-white were used in this study. Table 1 shows the levels 
at which the egg-white was included in the various rations. 
In 1 series (lots I, II, HI, VII, VIII and IX), the other ingre- 
dients were (Osborne and Mendel, 19) salt mixture 4%, dried 
yeast 5%, wheat germ (or rice polishings) 10%, lard 5%, 
sugar (or starch) to make 100%. In another series (lots W, 
V, VI, XI and XII) cooked pork kidney replaced the yeast, 
lard and wheat germ (or rice polishings) and the sugar or 
starch was adjusted accordingly. A third kind of ration 
(stock) consisting of casein 5%, dried yeast 3%, wheat germ 
2.5'%, yellow corn 50%, oil meal 11%, alfalfa meal 1.5%, 
butterfat 5%, cod liver oil 2.5%, C!aHP 04 ' 2 H 20 , 1%, NaCl 
0.5%, and dried milk 18% was fed to lots X and XIII. 

Animals 

Albino rats were prepared for the experiment bv placing 
them at weaning time on a ration containing 20% dried 
raw egg-white. When they had regained their weaning weight, 
the amount of raw egg-white in the diet was increased to 40% 
and finally to 66%. Moderate to severe biotin deficiency 
manifestations appeared in about 50 days. The manifestations 
of the induced biotin deficiency on these rations have been 
described (Parsons, ’31; Parsons et al., ’37). Inasmuch as the 
deficiency was induced in rats on rations containing 20% of 
egg-white as well as on 66%, the higher protein concentration 
presents no important complication in an interpretation of 
the results. At this time, the animals were placed in metab- 
olism cages and urine and feces collections were made over a 
■4-day period (lot I, table 1). To study further the biotin 
balance during the deficiency period, the rats were then divided 
at random into 3 groups. One group was continued on 66% 
raw egg-white, a seeond was placed on 30% raw dried egg- 
white (lot II) and the third was fed 30% cooked dried egg- 
white (lot III). After 15 to 25 days had elapsed, urine and 
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feces were collected from lots II and III. Following this, some 
of the animals of the. 3 groups just mentioned were chosen 
at random, and cooked dried pork kidney, an excellent, 
natural source of biotin,® was incorporated in their ration at 
a level of 25%. These groups are designated as lots IV, V 
and VI, and were taken from lots I, II and III, respectively. 
Collections were made of the elimination products after a 7- 
to 10-day adjustment period. 

It was thought that a group of adult animals with similar 
nutritional histories on egg-white rations would be valuable in 
showing the effect of high levels of egg-white in the diet on 
the fecal output even though urinary studies could not be 
included. Such a group of rats which had been kept on a 20% 
raw egg-white ration and which had reached a fairly constant 
level of biotin elimination was divided into 3 groups. One 
group was continued on the 20% raw dried egg-white ration 
(lot VII), the second group was placed on a ration containing 
66% raw dried egg-white (lot VIII) and the third on 66% 
cooked dried egg-white (lot IX). 

Adult rats on the stock ration (lot X) were used to indicate 
the biotin balance of animals on an egg- white-free ration. 

In an attempt to find the response of normal rats to the 
presence of egg-white and biotin in the ration, 2 of the rats 
from lot X were placed on a ration containing 30% raw 
dried egg-white and 25% cooked pork kidney (lot XI), and 2 
were fed a ration containing 30% cooked dried egg-white 
plus 25% cooked dried pork kidney (lot XII). 

The biotin balances of the stock rats and of the rats on the 
various egg-white rations are summarized in table 1. 

On completion of the collections of urine and feces, the 
animals were killed. The livers and kidneys were removed 
and analyzed to determine if the biotin content of these organs 
bore any relationship to biotin intake or output. The contents 
of the digestive tract — the stomach, small intestine, cecum, 

•Pure biotin would have been preferable for this purpose, but, unfortunately, 
at the time the work was done (1940-1941) adequate supplies of erystalline 
material were not available. 
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and large intestine — were also assayed for biotin. Snch 
results might give some indication of the site of avidin-biotin 
fixation, and provide evidence for or against biotin synthesis 
in the digestive tract with the possible location of that syn- 
thesis. Only 3 of the animals in each of lots VII and VIII 
were used for this part of the experiment. These animals 
form lots Vila and Villa given in table 2. Lot Via is made 
up of the animals in lot VI, table 1, and 1 additional rat of 
the same nutritional history. Lot XIII was composed of a 
group of adult rats on the stock ration. This was a separate 
group from lot X. 

Assays 

Urine and feces were collected separately, daily. The feces 
were dried at room temperature; the urine was preserved with 
toluene and chloroform and kept in th(‘ refrigerator. At the 
end of the 4-day period, composite samples were made. 

Biotin was determined by the microbiological assays of 
Lampen et al. (’41) and oi Snell et al. (’40). All biotin 
values are based on at least 3 levels of assay in which results 
agreed within 10^ , 

As biotin in urine is present in water-soluble form no 
further treatment of the urine samples was required. Feces, 
liver and kidney, and contents of the digestive tract, however, 
contain bound biotin and this was liberated by acid hydrolysis. 
One gm of the dry substance was suspended in 40 ml of 
2 N H2SO4, autoclaved for 2 hours at 15 lbs. pressure, cooled, 
neutralized with NaOH, filtered, and made up to 50 ml. If not 
assayed immediately, the hydrolyzed samples were preserved 
with toluene and chloroform and stored in the cold room until 
assayed. 

RESULTS AND DISCUSSION 

Biotin balances of rats on stock ration 

Normal adult rats on the stock ration (table 1, lot X) elimi- 
nated from 0.7 to 2.0 Mg (average 1.1 Mg) of biotin daily in 
the feces while the output in the urine ranged from 0.6 to 1.0 Mg 
(average 0.8 Mg). Thus there was an approximately equal 
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distribution of the total biotin output between feces and 
urine. 


Biotin balances of rats on egg-white and , 
biotin-rich rations 

According to the hypothesis that avidin fixes biotin in an 
unabsorbable combination, it would be expected that increas- 
ing the aihonnt of raw egg-white in the ration would increase 
the biotin in the feces. The averages are in general agreement 
with this hypothesis. The biotin content of the feces from 
lots fed raw egg-white averaged 139% of the ingested 
biotin while the urine contained only 19%. Corresponding 
figures for lots fed cooked egg-white were 75% and 28%, 
respectively. The distribution in the latter group resembles 
that found in the stock ration group. 

At the high levels of biotin in the ration, its fixation by 
avidin is especially apparent. The average fecal biotin on 
the raw egg-white rations containing cooked kidney exceeded 
by 3- to 5-fold the corresponding average biotin elimination on 
rations containing egg-white without kidney (lots- 1 and IV ; 
II and V). Likewise, the fecal biotin output was 2 to 3 times as 
much on the raw egg-white ration with pork kidney as on the 
cooked egg-white and pork kidney rations (lots V and VI; 
XI and XII). These data support the view that the avidin 
of thoroughly cooked egg-white does not retain its biotin- 
binding property. 

The response of adult stock rats (lot X) to egg-white and 
high levels of biotin (lots XI and XII) was very marked. 
Both the urinary and fecal biotin eliminations were increased. 
With raw egg-white in the ration, the fecal biotin was 10-fold 
that on the stock ration, while a 4-fold increase occurred on 
the ration containing cooked egg-white. 

There is clear evidence that biotin from some non-dietary 
source was eliminated in the feces of rats on egg-white rations. 
It will be noted (table 1) that the ratio of total daily biotin 
output to intake on n\ost of the egg-white rations exceeded 
1, and that 60 to 95% of the output was present in the feces. 



BIOTIN BALANCE IN THE RAT 


523 


The biotin in the urines, in contrast, represented only 5 to 40% 
of the daily biotin intake. The probable explanation is a syn- 
thesis of biotin somewhere in the digestive tract. The bacteria 
native to the intestinal tract are known to synthesize biotin 
(Landy et al., ’42 ; Thompson, ’42 ; Burkholder and McVeigh, 
’42). Direct evidence has also been reported to show that bio- 
tin synthesis occurs in animals (McElroy and Jukes, ’40; 
Wegner et al., ’41; Nielsen et al., ’42; Mitchell and Isbell, ’42) 
and in human subjects (Gardner et al., ’43, ’45, ’46; Oppel, 
’42; Parsons et al., ’42). 

An indication of the site of the biotin synthesis is given by 
the amount of biotin found in the contents of the stomach, 
small intestine, cecum and large intestine. From table 2, it 
is evident that the biotin concentration in the cecum and large 
intestine was strikingly greater than that in the stomach 
and small intestine. This increase was as much as 3- to 20-fold 
with respect to the rats on the egg-white rations. The cecum 
and large' intestine of stock rats contained 2.0 pg and 2.3 pg 
per gm of dry matter, respectively, as compared with 1.0 and 
0.9 pg in the stomach and small intestine. Based on the total 
contents (see footnote 1, table 2) one-third of the total biotin 
in the tract was found in the cecum and large intestine. Like- 
wise with egg-white in the ration, from 88-98% of the total 
biotin was present in the contents of these 2 sections. 

The presence of large amounts of biotin in the ceca suggests 
biotin synthesis at this point in the digestive tracts. Mitchell 
and Isbell ( ’42) have presented data which show that intes- 
tinal flora in the cecum may contribute largely to the rat’s 
supply of several of the B-vitamins and indicate that these 
vitamins are absorbed by the body tissues. 

Another possible source of non-dietary fecal biotin is the 
withdrawal and elimination of body stores of biotin. From 
the standpoint of the biotin concentration in the livers and 
kidneys (table 2) there is obviously no evidence of with- 
drawal of body stores due to high levels of raw egg-white. 
The excess of biotin output over intake for long periods of 



BIOTIN IN THE CONTENTS OF THE DIGESTIVE TRACT AND IN THE ORGANS ^ 



'Average total weight of dry material as follows: contents of stomach 0.6 gm; small intestine 0.8 gm; ceeum 0.5 gm; large 
intestine 0.4 gm; livers and kidneys lot IV 2 gm; V 2.7 gm; VI 2.8 gm; Vila 2 gm; Villa 1.6 gm; XIII 4.0 gm. 

* Liver and kidneys for 1 rat only. 

* Lot X was composed of 4 animals, lot XIII of 5. 
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time is too great to assume that it could have originated from 
body stores. 

The data in table 2 also give some indication of the com- 
parative absorbability of biotin and the other constituents 
of the ration. As would be expected if the biotin-avidin com- 
plex is unavailable, an increase was found in the biotin con- 
centration of the contents of the small intestine over the 
contents of the stomach and over that of the ration. This is 
particularly evident on raw egg-white rations containing 
cooked pork kidney (lots IV and V). The data indicate that 
part of the ingredients of the ration was absorbed from the 
small intestine faster than was the biotin ; especially was this 
true where large amounts of biotin were jiresent in a pre- 
sumably unabsorbable form. Since synthesis of the B-vitamins 
is believed to occur in the digestive tract at some place beyond 
the small intestine, this increase in the small intestine is prob- 
ably not accounted for by biotin synthesis. 

SUMMARY 

Evidence is presented that biotin from some non-dietary 
source was eliminated in the feces of rats on rations containing 
raw egg-white. The excess biotin in the urine and feces over 
that contained in the ration ingested ranged from 0.6 gg to 
9.4 pg per day. The excess biotin presumably originated from 
synthesis of biotin by intestinal microorganisms rather than 
from the withdrawal of biotin stores in the liver, kidney or 
other body tissues. The main site of synthesis in the digestive 
tract appeared to be the cecum and large intestine. 

Of the total biotin eliminated ft’om 5 to 40% was found in 
the urine and from 60 to 95% was present in the feces. 

The fixation of biotin by avidin was more apparent at the 
higher levels of biotin in the ration. 
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Studies of the human requirement for ascorbic acid have 
been made with adults and with children up to 12 years of age. 
As far as we have been able to ascertain, the requirements of 
adolescents have not been determined experimentally. This 
study was undertaken to provide some quantitative data for 
the estimation of the ascorbic acid need of children during 
early adolescence. 

Children living at the Children’s Farm Home, Corvallis, 
Oregon, served as subjects. These children, about 160 in 
number and ranging in age from 5 to 18 years, are housed in 
8 cottages at the Children’s Farm Home. Boys and girls live 
at separate cottages, except at the “health cottage,’’ where 
a registered nurse resides, and which houses convalescents 
and children requiring special care. In order to simulate 
family life, children of different ages live in each cottage, and 
each cottage has its own cook and house-mother. All food is 
supplied through a central commissary, but its use depends 
upon the choices of the cooks. 

'Published as Technical Paper 498 with the approval of the Director of the 
Oregon Agricultural Experiment Station and the Chief of the Bureau of Human 
Nutrition and Home Economics, U,S. Dept, of Agriculture. Contribution of the 
School of Home Economics of Oregon State College, the Oregon Home Economics 
Experiment Station and the Bureau of Human Nutrition and Home Economics, 
U. S. Dept, of Agriculture, Washington, D. C. 
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A survey of the plasma ascorbic acid values of 81 children 
between the ages of 11 and 18 was made. Eight of these 
children, aged 12 to 14 years, also served as subjects in an 
experimental study. Three levels of ascorbic acid intake were 
tested for 1 week each with all subjects. One of the main pur- 
poses of the experiment was to study the effect on the plasma 
ascorbic acid concentration of the daily allowance of ascorbic 
acid which has been recommended by the National Research 
Council (’45). 

SURVEY OF PLASMA ASCORBIC ACID VALUES 
OF ADOLESCENTS 

Throughout the entire study the determination of reduced 
ascorbic acid in plasma was made by the micro-method of 
Farmer and Abt (’36), using samples of blood obtained by 
fingerprick. During the survey, the blood samples were ob- 
tained either before breakfast or just before lunch if the 

TABLE 1 


A summary of (he plasma ascorbic acid determination on adolescents at the 
Children's Farm Home, 


AOS 

KVHBSR OF 
ORIIiDRBN 

ICEAR 

AVKBAGE 

DEVIATION 

RANGE 



mg % 

mg % 

mg % 

11 

10 

0.60 

0.15 

0.31-0.97 

12 

19 

0.53 

0.22 

0.17-0.95 

13 

21 

0.62 

0.20 

0.08-1.14 

14 

18 

0.56 

0.16 

0.06-1.07 

15 

6 

0.43 

0.13 

0.26-0.61 

16 

4 

0.62 

0.14 

0.51-0.90 

17 

3 

0.72 

0.15 

0.50-0.84 


breakfast had contained no fruit. Values for plasma ascorbic 
acid were obtained from 43 boys and 38 girls between the 
ages of 11 and 18. The results in terms of mean, average devia- 
tion, and range are summarized for each age in table 1. 

The Committee on Vitamins of the American Academy of 
Pediatrics, headed by Allan M. Butler (’40), reports that a 
plasma ascorbic acid value of 0.60 mg % may be regarded 
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as adequate. Sev^enty-one per cent (27) of the plasma levels 
of the girls and 42% (18) of those of the boys of the Children’s 
Farm House fell below this level. The mean plasma value for 
the entire group tested, however, was 0.56 mg %, which very 
nearly meets this standard. 

EXPERIMENTAL STUDY 

The experimental study was designed to compare the daily 
values for ascorbic acid in the plasma of adolescents when on 
their usual diet, when saturated with ascorbic acid, and when 
receiving the daily allowance of ascorbic acid which has been 
recommended by the National Research Council (’45). A 
description of the subjects is included in table 2. The girls 

TABLE 2 

Deseription of experimental subjects. 


SUBJECT 


AGS 

HEIGHT 

MEAN WEIGHT 
DmiNO STUDY 


venrtt 

monthn 

inchfH 

lbs 

Raymond 

la 

5 

62.0 

98 

J ames 

12 

11 

64.0 

95 

Jack 

. 12 

4 

60.0 

86 

Jim 

12 

4 

61.5 

82 

Jo 

14 

6 

64.0 

134 

Stasia 

13 

9 

65.5 

101 

Betty Lou 

13 

8 

64.5 

no 

Sharon 

12 

3 

62.0 

107 


lived at one cottage, and the boys liv'ed at another. All of tlie 
children were apparently healthy, and examination of their 
medical records showed no evidence of abnormalities. 

All of the foods which the subjects ate were weighed and 
recorded during a period of 3 weeks for eacli group. Samples 
of foods which might be presumed to contain ascorbic acid, 
were analyzed ® after each meal by the method of Loeffler and 
Ponting C42). Throughout the experimental study, blood 
samples were taken daily before breakfast. 

’Details of the experimental methods and procedures, as well as complete tables 
of the results of food analyses, will be available as a technical bulletin published 
by the Oregon Agricultural Experiment Station. 
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Eacli experinieutal period of 3 weeks was divided into 3 
parts. During the first week, the children ate the regular 
diet which was served in their cottage, the second week served 
as a saturation period, and during the third week, each child 
received the total amount of ascorbic acid recommended for 
his age and sex by the National Research Council (’45). 

During the week on their regular diet, the first serving 
of each food was usually the same for each child, and if quan- 
tity permitted, it was a “standard” serving. During this week 
the children were allowed to have second servings of any food 
which they requested, as long as the supply lasted. Ascorbic 
acid intake varied, as did the intake of all other constituents 
during this week, according to the inclination of each child. 
In this way the effect of the diet, as usually served and eaten, 
on the ascorbic acid in the blood plasma, could be observed. 

The second week served as a saturation period. In addition 
to the regular diet, from which significant sources of ascorbic 
acid were removed and replaced by foods of low ascorbic acid 
content, the children received a supplement of 200 mg of pure 
ascorbic acid •* just before breakfast. 

During the third week the ascorbic acid allowed from food 
was limited to 20 mg per day. Pure ascorbic acid was given 
before breakfast, as the saturation supplement had been, in 
order to bring the total daily intake to the amount recom- 
mended by the National Research Council (’45). The girls 
received a total of 80 mg of ascorbic acid daily: 20 mg from 
food and 60 mg as crystalline ascorbic acid dissolved in re- 
distilled water. Using the age groupings of the National 
Research Council (’45), the boys fell into different groups. 
The fraternal twins. Jack and Jim, who had recently passed 
their twelfth birthday, received 55 mg of ascorbic acid plus 
20 mg in food making their total daily intake 75 mg. The 
older boys, James (12 years and 11 months old) and Raymond 
(13 years, 5 months) received a supplement of 70 mg of the 
crystalline ascorbic acid or a total daily intake of 90 mg. 

• Acknowledgment is made to Merck and Companj^ Inc., for a generous supply 
of crystalline ascorbic acid. 
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Although all foods were weighed, the children were allowed 
to eat, ad libitum, bread, butter, meat, and other foods which 
contained no ascorbic acid. 

Between-meal eating presented some problems. The girls 
were accustomed to receiving some food after school so they 
were provided with extra food in the afternoon. The director 
of the boys’ cottage, however, did not permit between-meal 
eating, so no after-school lunch was provided for them. The 
investigators felt that they had the complete cooperation of 
the subjects during the course of the experiment. 

RESULTS OP EXPERIMENTAL STUDY 

Table 3 presents the results of daily fasting plasma ascorbic 
acid determinations, and the corresponding daily intakes of 
each child during the study. Since no elTort was made to change 
the diet of the children during the first period, the means for 
the entire period are reported, with the average deviations 
from the mean, as well as the range of values obtained during 
the period. The first 2 days were omitted from the calculation 
of means for the saturation periods and of the period when 
the recommended allowance of the National Kesearoh Council 
(’45) was given, to eliminate the effect of the previous level 
of intake. Average deviations from the means for the last 
5 days of these 2 periods as well as the range of values are 
reported with the means for each subject. 

The first period of observation with the boys showed them 
to be receiving a mean daily ascorbic acid intake of 61 mg, 
and maintaining blood plasma levels well within the range of 
adequacy, according to Butler (’40). Daily variations were 
rather marked throughout the study -for most of the boys. 
James, however, varied little from day to day except during 
the saturation week. In spite of the daily variation, some 
general trends are apparent. There was a slight but definite 
increase in blood plasma ascorbic acid during the saturation 
period for each boy, without exception. The plasma levels of 
all of the boys dropped immediately with the lowered intake 
of ascorbic acid on the fifteenth day, and except for the daily 



TABLE 3 

Total daily iniaJce and plasma ascorbic acid values for all subjects during 3 consecutive TueeJe experimental periods. 
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variations, they remained at levels lower than their saturation 
levels, varying around 0.9 mg %. 

During the third period when the subjects were in 2 age 
groupings, no ditferenee was observed between the plasma 
levels for the 13-year-old boys receiving 90 mg per day and 
the 12-year-old boys receiving 75 mg per day. 

The outstanding feature of this period is the peak reached 
by Raymond on the fourteenth day. He had been found to 
have a fever of 102i°F. after supper on the twelfth day. He 
was given 2 tablets of aspirin and 1 tablespoon of citro- 
carbonate by the house-mother, and he did not report for a 
blood sample the next morning. He remained in bed with a 
slight fever during that day, although he was kept as a subject. 
The next morning his plasma level had reached 1.81 mg %. 
Raymond had no fever during that day, and the following 
morning his plasma level was still much higher than that of 
the other children, namely, 1.54 mg %. 

The possibility that the ingested aspirin or citro-carbonate 
might have caused the rise in Raymond’s plasma value was 
considered. However, no increase in the concentration of 
ascorbic acid was noted in normal subjects at the end of 4, 
24, 28 and 48 hours after the administration of aspirin and, 
later, in a similar studv after the administration of citro- 
carbonate. The rise in Raymond’s plasma, therefore, remains 
unexplained. 

The 4 girls (table 3) started the study with a mean dietary 
intake of 44 mg of ascorbic acid per day. Their plasma levels 
seemed to be grouped into 2 pairs: Jo and Stasia showed 
plasma levels markedly above those of Betty Lou and Sharon. 
The variations in intake and in plasma ascorbic acid were 
small from day to day. After the beginning of the saturation 
period the increases in plasma ascorbic acid of all the girls 
were abrupt and of about the same degree. When apparent 
saturation levels had been attained, daily variations for all 
of the subjects were marked. This confirms the observations 
of Storvick and Hauck (’42), who reported wider variations 
in daily plasma values on high intakes than on low intakes 
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of ascorbic acid. Variations were especially marked for Jo, 
who claimed to have been ill * on the eleventh and twelfth days 
of the study. 

Data for the first 2 days of the 80 mg period showed the 
same variation and heights as those during the saturation 
period, but for the last 5 days, variations were less marked. 
Sharon “leveled off” at about 0.9mg%, which seems to be 
about 0.1 mg % lower than her saturation level. Stasia showed 
the greatest daily variation during the third period, with 
values ranging from 0.94 to 0.74 mg % during the last 5 days. 
Betty Lou dropped steadily from a near-peak of 1.35 to 
1.13 mg %, a value lower than any since the beginning of her 
saturation values. Jo was the only one of the 4 girls whose 
data showed a definite upward climb after the first drop on 
the 80 mg level. 

It will be observed that while the boys’ intake for the first 
period is higher than the girls’, there is an even greater dif- 
ference in their plasma levels. This may be due in part to the 
difference in developmental age between the 2 groups, or the 
low values for the girls may reflect subsistence on a diet 
lower in ascorbic acid for a considerable time before the study 
began. 

Peak values during saturation were about the same for 
both groups, but the boys attained their peaks somewhat be- 
fore the girls, and their values dropped more abruptly when 
the intake was reduced. 

While it would have been interesting to know whether the 
children, and especially Betty Lou, could maintain for pro- 
longed periods these high plasma levels on the intake recom- 
mended by the National Research Council (’45), the results 
for this week suggest that their plasma values would be main- 
tained above the level of adequacy according to Butler (’40). 

DISCUSSION 

In attempting to evaluate the results of this study, the find- 
ings of other research workers need to be reviewed. Investi- 

* This subject was somewhat unstable. The nurse reported no evidence of illness. 
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gators have used various approaches to the problem of 
determining the ascorbic acid requirement of man. Some of 
the studies are based on plasma ascorbic acid levels, others on 
urinary excretion levels, and still others combine and compare 
the two. In order to study requirement, the daily intake of 
ascorbic acid must be known. 

Some investigators have questioned the existence of any 
relationship between ascorbic acid requirement and body 
weight (Hathaway and Meyer, ’41; Ralli et al, ’39). Never- 
theless, many workers have reported their results in milli- 
grams per kilogram of body weight. Of 30 adults whose re- 
quirements for tissue saturation were studied by Belser, 
Hauck and Storvick ( ’39) ; Ralli, Friedman and Sherry ( ’39) ; 
Todhunter and Robbins ( ’40) ; Storvick and Hauck ( ’42) ; 
Fincke and Landquist (’42) ; and Kline and Eheart (’44), the 
estimated requirements of 24 fell between 1.3 and 1.8 mg per 
kg. Bryan et al. ( ’41) concluded on the basis of a survey that 
there is a close relationship between ascorbic acid intake per 
kg of body weight and fasting plasma ascorbic acid values. 
In their experiment, intakes of 1.7 to 1.9 mg per kg resulted in 
high fasting plasma ascorbic acid values, typical of tissue 
saturation. Fincke and Landquist (’42) found that ascorbic 
acid intakes of 0.8 to 1.2 mg per kg were necessary to maintain 
fasting plasma ascorbic acid values of about 0.8 mg % in 4 
adult subjects, and Dodds and MacLeod ( ’44) observed that 
1 mg per kg was adequate to cause a gradual increase in 
plasma values for 12 subjects who had been moderately de- 
pleted before being given increasing levels of ascorbic acid. 

The 31 mg intake found by Hathaway and Meyer (’41) to 
maintain tissue saturation in 4 preschool children, was 
equivalent to 1.5 to 1.8 mg per kg for these children. The 
5 children from 7 to 12 years of age studied by Roberts and 
Roberts (’42), required from 1.7 to 2.4 mg per kg to maintain 
tissue saturation. Thus, on the basis of body weight, require- 
ments for tissue saturation of these children and of adults 
do not appear to differ greatly, although individual variations 
are apparent. 
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In the present study, mean fasting plasma values of from 

0.9 to 1.2 mg % were maintained by the 4 adolescent girls 
on the allowance recommended by the National Research 
Council (’45), which was equivalent to 1.3 to 1.7 mg per kg. 
The National Researcli Council allowance, which was equiv- 
alent to 1.9 to 2.1 mg ]jer kg for the 4 boys, maintained mean 
fasting plasma values from 0.8 to 1.0 mg % during the last 
5 days of the 1-week period on this intake (see table 3). For 
these young adolescents, the allowances of ascorbic acid 
recommended by the National Research Council ( ’45) resulted 
in fasting plasma ascorbic acid values below those individually 
attained when saturation doses were given, although for 1 
week these allowances were adequate to maintain plasma 
values which are associated with “good” stores of ascorbic 
acid. This first study on tlie ascorbic acid requirements of 
young adolescent boys and girls suggests that they may re- 
quire somewhat more ascorbic acid per kilogram of body 
weight to maintain tissue saturation than do younger children 
or adults. 

CONCLUSIONS 

1. The daily allowance of ascorbic acid recommended for 
adolescents by the National Research Council ( ’45), as tested 
during this study, resulted for each subject in plasma values 
below those attained during the saturation period, but well 
above those considered adequate by Butler (’40). It would 
probably be advisable during the strain of adolescent growth 
to maintain all children near saturation, and since the recom- 
mended allowance accomplishes this iu these subjects, diets 
maj^ well be planned to include this amount for every child. 

2. A mean plasma ascorbic acid concentration of 0.56 mg % 
was obtained from the survey of 81 children between 11 and 
18 years of age residing at the Children’s Farm Home. This 
value is about that (0.60 mg %) considered adequate by 
Butler. 
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In the course of an investigation of the influence of essential 
fatty acids on various fat fractions of the albino rat, data were 
obtained on the composition of the experimental animals in 
terms of total lipid, non-lipid solids, and water content. These 
findings augment the limited data in the literature, particu- 
larly with regard to the comparative fat storage of male and 
female animals. 

Boycott and Damant (’08) in a study of the fat content of 
male and female rats, guinea pigs, and mice stated that females 
tend to have a higher fat content. For rats, 41 males and 42 
females raised on the ordinary laboratory diet, the detailed 
composition of which is not given, they obtained average 
values for the total fatty acids of 4.4 and 5.6%, respectively. 

' Taken from a thesis presented to the Graduate Faculty of the University of 
Minnesota (1940) in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. 

•Rockefeller Foundation Fellow; present address, Kabat-Kaiser Institute, 2633 
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•Present address, Experiment Station, Hawaiian Sugar Planters^ Association, 
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Bachmann and co workers (’38), reporting on the body con- 
stituents of albino rats on sugar diets, found no appreciable 
difference in fat content of males and females. 

The data presented below constitute evidence for a sex dif- 
ference in fat storage only when a specific dietary regimen 
is employed. 

EXPERIMENTAL 

At weaning time albino rats were given diet 551-B contain- 
ing 84% sucrose, 12% crude casein, 4% salts, ^ and the neces- 
sary supplements which included 0.7 gm of dehydrated yeast ° 
daily and adequate amounts of vitamin D,” carotene, and vita- 
min E (concentrate from wheat germ oil). This diet was 
continued for 4 weeks in order to deplete the fat reserves. 
During the following 8 weeks, which comprised the experi- 
mental period, the animals (litter mates) were placed on diets 
560-B (60% sucrose, 20% lard, 15% casein, 5% salt.s ■‘), 550-B 
(84% sucrose, 12%> casein, 4% salts ^), and diet 580-B which 
contained 71.7% hydrogenated coconut oil 22.9% casein, and 
6% salts.^ In these diets purified casein was employed and 
constituted 12.5% of the total calories in each case. Six 
groups of rats were used, 3 male and 3 female, and each group 
contained 8 individuals. At the end of the experimental period 
the males of the control group (560-B) attained an average 
weight of 200 gm and the females 170 gm. Rats receiving the 
low-fat diet (550-B) attained weights of 170 and 150 gm for 
males and females, respectively. Those consuming the high-fat 
diet (580-B) attained weights of 108 and 104 gm for males and 
females, respectively. The growth curves are given in figure 1. 

A second series of experiments was performed on rats pre- 
pared in the same way. For this purpose 6 males and 6 females 
were placed on diet 580-B, and 3 of each sex were maintained 
on diets 550-B and 560-B, respectively. Data were obtained 

*Salt mixture 185 (McCollum and Simmoiids, ’18). 

• Northwestern. 

• Viosterol. 

^Iodine value, 0.22. We are indebted to the research laboratories of Proctor and 
Gamble for this material. 
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on food and water consumption and fecal fat excretion, and 
the method for determining body fat was modified as described 
below. Since a ditferent method of analysis was employed 
in this series, the data are reported separately in the tables, 
this phase of the investigation being designated as Series II 
and the one mentioned above as Series I. 

At the end of the experimental period (the fifteenth week 
of life) the rats of Series I were killed by etherization after 



Fig. 1 Growth t*urves. Zero time repr€»seiits the beginning of tlie eightli week 
of life. The first 3 weeks constitute the weaning period and the subsequent 4 week^ 
the period of fat depletion. 


a 24-hour fast. The large intestine was discarded and the 
stomach and intestinal contents washed out with normal saline. 
The extraction followed, essentially, the procedure employed 
by Bloor (’2(5) in the extraction of beef heart muscle. The 
whole animal was comminuted in a meat chopper with fine 
cutter and dehydrated with 3 volumes of aldehyde-free alcohol 
(Dunlap, ’06) for 1 to 2 hours. This aqueous alcohol solution 
was then decanted through a fluted filter paper and concen- 




544 


H, G, liOEB AND G. O. BTTBB 


trated under carbon dioxide with reduced pressure to ap- 
proximately 50 ml. It was then protected with carbon dioxide 
and set aside for petroleum ether extraction along with the 
main extract. The dehydrated tissue was extracted 3 times 
with 2 volume portions of boiling 95% alcohol under an 
atmosphere of carbon dioxide for 1, 1 and 0.5 hours, respec- 
tively. The combined extracts were concentrated under re- 
duced pressure, with a stream of carbon dioxide bubbling 
through the solution, to a volume of 75 ml. This concentrate 
along with the one mentioned above was diluted with water 
and extracted 3 times with redistilled petroleum ether (b.p. 
30-60°C.). The combined petroleum ether extracts were dried 
over anhydrous sodium sulfate overnight and filtered. The 
iodine number and total weight of the lipid were then deter- 
mined. Weanling rats, 3 per analysis, were also analyzed 
in the same manner for comparison with the values obtained 
after maintenance on the diets described above. 

After the extraction of lipid with hot alcohol the residual 
tissue was rinsed several times with small portions of anhy- 
drous ether and the latter added to the alcohol solution. The 
residue was dried in air overnight and weighed. Although the 
weight remained constant, drying the residue at 105°C. over- 
night resulted in a decrease in weight approximating 7%. The 
oven-dried weight was employed to calculate the percentage of 
non-lipid solids. Water content was determined by difference.. 

In the second series of experiments the animals were treated 
as follows: After anesthetization the abdominal wall was 
opened and the blood withdrawn from the abdominal aorta for 
use in a study published elsewhere (Loeb, ’42). The rats were 
then wrapped in paraffin paper and stored at — 20° C. for 
approximately 2 months before analysis for carcass fat. The 
head, tail, and limbs were removed and the carcass digested 
for 4 hours in a 28% solution of potassium hydroxide made 
up with 50% alcohol. After cooling, the clear solution which 
contained a small quantity of insoluble material was carefully 
transferred through glass wool and made up to a known 
volume with 50% alcohol. The lipid content in terms of total 
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fatty acids plus unsaponifiable matter was determined in 
duplicate as follows: an aliquot portion was introduced into 
a large test tube and acidified with a hydrochloric acid solution 
of such strength as to leave the final alcohol concentration at 
33%, by volume. After cooling, petroleum ether was added 
and the mixture well agitated. Centrifugation for 5 to 8 min- 
utes gave a clean separation of layers and the petroleum ether 
layer was siphoned off. The extraction was repeated twice 

TABLE 1 

Iodine numbers of total lipids from whole animal (series J) 
and toial fatty acids from carcass (series II), 


SERIES 1 SERIES II 


GROUP 

FAT IN 

DIET 

No of 

rats 

Mean ’ 
mdine no 

No of 
rats 

Mean * 
iodine no 

Weanling 






rats 


7* 

67.4 It .35 ^ 



560-B c? 

20% lard 

8 

70.8 ± .62 

o 

76.9 ± .18 

560-B 2 


8 

68.9 ± .70 

3 

76.4 ± .18 

550.B c? 

fat-free 

7 

61.6 ±: .42 

.3 

64.7 ± .30 

550-B 2 


7 

63.3 tt .45 

3 

65.0 ± .30 

580.B c? 

71% hydrog. 

8 

45.6 ± 1.91 

6 

38.9 ± .41 

580.B 2 

coconut oil 

8 

40.7 It 1.27 

6 

39.0 ± .63 


' Hosenxnuiid'Kulinhenn Method (’23). 

* WijB-Mercxiric Acetate Method (Hoffman and Green, ’39). 

* This figure refers to the number of samples ; 3 weanling rats per sample. 

S D. 

^Standard error of the mean calculated from the formula where S.P. repre- 
sents the standard deviation, obtained from the expression “ which 

X is the deviation from the mean. 

more and after removing the solvent from the combined ex- 
tracts the residue was dried in a vacuum oven at 60°C. for 
1 hour, cooled in a desiccator and weighed. All of the duplicates 
checked well within 1%. For the determination of iodine num- 
bers only the free fatty acids were used. Water was added to 
an aliquot portion of the original soap solution to reduce the 
alcohol concentration to 33%, by volume. The unsaponifiable 
fraction was extracted 3 times with petroleum ether and the 
remaining solution acidified and extracted as above. 
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Table 1 is a compilation of the mean iodine numbers of all 
the groups that were studied. Since different iodine number 
methods were employed in Series I and Series II, the 2 series 
are not strictly comparable to each other. However, the sex 
differences in unsaturation observed in Series I, if significant, 
are most likely due to the non-fatty acid portion of the total 
lipid. In Series II there is no suggestion of a sex difference 
in unsaturation of the total fatty acids of carcass. 

Table 2 includes the mean values for the total composition 
of individuals studied in Series I. Wlien analyzed statistically 
only group 580-B showed a significant sex difference in the 
storage of fat. The probability that this finding was due to 
chance was 1 in 59 (P = 0.017, Treloar, ’42). There was no 
evidence of a sex difference in fat storage in groups 550-B and 
560-B. 

No difference in the percentage of non-lipid solids was 
observed between any of the groups regardless of sex or diet. 
Differences in water content due to sex could be shown sta- 
tistically for groups 550-B and 580-B, those individuals with 
the higher fat content having also a lower water content. How- 
ever, the probability was sufficiently close to the borderline for 
validity to warrant some reservation. 

TABLE 2 

Vf‘rcenf(ifif compowfioTi of whole a»i noils- J).^ 


SERIES I 


GROUP 

No. of 
rat*! 

Mean 

body weight 

Water 

Nrm-lipid 

solids 

Total lipid 

Total lipid 

Weanling 



ffm 

% 

Vf 

% 

ffm 

rats 


6» 

127.4 ± 2.93 

70.0 ± .81 

24.7 ± 1.01 

5.23 ± .02 

6.66 ± .27 

560-B c? 

20% lard 

8 

190.3 ± 6.31 

67.0 ± .75 

24.2 ± .47 

8.85 ± .45 

16.85 ± 1.24 

560-B? 


8 

159.7 ± 2.55 

65.5 ± .80 

24.5 ± .42 

10.01 ± .52 

15.98 ± .92 

550-B c? 

fat-free 

8 

154.5 ± 3.97 

66.7 ± .55 

25.0 ± .34 

8.38 ± .59 

12.95 ± 1.12 

560-B? 


7 

131.9 ±3.66 

64.9 ± .38 

25.8 ± .61 

9.28 ± .56 

12.24 ± .84 

580-B c? 

71% hydrog. 

8 

99.2 ± 4.90 

69.7 ± .68 

24.9 ± .39 

5.63 ± .69 

ri.58± .86 

580-B? 

coconut oil 

8 

95.2 ± 3.38 

67.3 ± .74 

24.7 ± .38 

8.06 ± .54 

7.67 ± .66 


‘ For calculation of standard error of the mean see footnote in table 1. 
*This figure refers to the number of samples; 3 weanling rats per sample. 
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Burr and Beber (’34) reported that rats on diet 550-B 
showed a higher metabolic rate, higher R.Q., and higher spe- 
cific dynamic action of food than normal rats. In 1937, in a 
very carefully controlled series of experiments these same 
authors showed a marked difference in metabolic rate between 
rats maintained on diet 550-B and their controls which had 
been cured by administration of a curative oil. The difference 
between fat-deficient rats and animals from the stock colony 
receiving a sugar diet was still more striking. Since individuals 

TABLE 3 

Fat excretion (nid food and water eonsvmption (series II).' 


GROUP 

NO OP 
KAT.s 

DAILY 

PAT 

FXntKTlON 

DAII Y 

POOD 

CONSUMPTION 

DA TUT 
WATER 
INTAKE 



gm 

gni 

col 

ml 

fifiO-B (J 

;{ 

0.035 

7.19 

.34.5 

8.7 

06 O-B 5 

0 

•> 

0.028 

6.30 

.30.6 

11.3 

r)50-B c? 

a 

0.014 

6.70 

26.0 

11.1 

550-B $ 

3 

0.019 

6.34 

24.4 

11.5 

580.B d* 

6 

0.028 

3.83 

28.0 

8.5 

580-B $ 

6 

0.026 

3.70 

27.1 

9.0 


' These data were obtained on 1 or 2 groups of rats (?> per group), as indicated, 
during 6 weeks of the experimental period. 


on diet 580-B consume as many calories as those on the fat- 
dcficient diet (550-B)® (table 3) while at the same time under- 
going scarcely any growth (fig. 1), and are losing no appreci- 
able quantity of fat through the gut, it is reasonable to assume 
that their metabolic rate is even higher than that of rats on 
the fat-deficient diet. In addition, the greater fat content of 
females in group 580-B may be a refiection of a lower metabolic 
rate than that characterizing the males. It would appear from 
these observations that a deficiency of essential fatty acids 
has less effect on fat storage and metabolic rate in females 
than in males when both are maintained on high-fat diets. 

* Burr and Burr ( \30) showed that fat-deficient rats consume as much food 
as their cured controls. 
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DISCUSSION 

The study of Deuel and coworkers ( ’44) of the comparative 
nutritive value of fats, using rats as experimental animals, has 
a bearing on the data reported above. They determined the 
composition of rats in terms of water, protein, lipid, carbo- 
hydrate, ash and calcium and concluded from their results 
that males have a higher water and protein content and a 
lower lipid, ash and calcium content. It is of interest to com- 
pare their results with the data we obtained on our control 
group, 560-B, which received a diet containing 20^ lard (their 
animals consumed a diet containing approximately 30% fat). 
However, it should be noted that our rats were subsisting on 
a diet very low in fat for 4 weeks after weaning while theirs 
were placed on a 30% fat diet immediately after weaning. This 
probably accounts for the higher lipid values obtained by 
Deuel et al. 

The values for protein, carbohydrate and ash obtained by 
Deuel and collaborators, when totalled, agree closely with our 
values for non-lipid solids, namely, 23.7% for males and 
23.2% for females as against our values of 24.2% and 24.5% 
for males and females, respectively. We were not concerned 
with the carbohydrate and ash content. As for the total non- 
lipid solids, our difference between the means (0.3), was evi- 
dently not significant with a standard deviation (\/2SVN) 
of 1.32 for the males and 1.20 for the females (8 rats in each 
group). In view of the large number of rats in the groups 
compared by Deuel et al. it would appear that the difference 
due to sex in protein as well as ash content is, in fact, a true 
statistical difference. It is well to note that these differences 
are obscured when total non-lipid solids are considered alone 
since the increased ash content found in females tends to mask 
their decreased protein content. 

The sex difference in water content in our group 560-B 
(20% lard) was of the same magnitude as that observed by 
Deuel et al. but we are unable to establish statistical validity 
for this difference. The “t” value (Fisher, ’38) was 1.3 
whereas only a value in excess of, 2.2 (the 5% level ; i.e., 5 
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chances in 100 that the difference could be due to random 
sampling) could be accepted as being indicative of a valid dif- 
ference. As mentioned above, the sex difference in water con- 
tent for groups 550-B (fat-free diet) and 580-B (high satu- 
rated fat diet) was significant having “t” values of 2.3 and 
2.2, respectively. 

As for the lipid content our difference due to sex in group 
560-B was of the same order of magnitude as that observed by 
Deuel et al. but, again, we could not establish statistical 
validity, the “t” value being 1.6. For gi-oup 550-B the “t” 
value was 1.1 while group 580-B showed a definite difference 
with a “t” value of 2.7. 

Under the conditions of our experiment there was no sta- 
tistically valid sex difference in the fat content of normal 
animals. The difference observed in our high-fat group 
(580-B) may therefore be ascribed to the lack of essential 
fatty acids which affects the males more than the females. It 
may well be, as Sinclair ( ’40) has suggested, that the require- 
ment for essential fattj* acids is greater on a high-fat diet. 
In this case one could infer that essential fatty acids are im- 
portant in fat storage, and that females, probably through 
more efficient utilization of original stores of essential fatty 
acids, have a more effective fat-storing capacity than males. 
Or, to express it differently, the female may possess a more 
favorable fat economy when subjected to a condition of essen- 
tial fatty acid deficiency while at the same time deriving most 
of its energy from fat. This is, essentially, an extension of 
an observation reported by Burr and Burr ( ’29) on rats con- 
suming a fat-free diet (550-B). At the time of tlie growth 
plateau they found that males attain a weight equal to 70% 
of their controls receiving lard, while the weight of females 
is 80% of their controls. Furthermore, the eventual decline 
in weight proceeds more rapidly in males. 

An examination of the iodine numbers in table 1 and the 
total lipid values in table 2 leads to the following conclusions : 
20% lard in the diet contributes enough linoleic acid to main- 
tain a normally high iodine number in the deposited fat; on 
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a fat-free, high carbohydrate diet much fat of low iodine 
number is synthesized and deposited; on a diet very rich in 
saturated fat and deficient in linoleic acid fat storage is less 
impaired in females than in males and there is a ready ex- 
change of fatty acids in the tissues which results in very low 
iodine numbers. This supports the conclusion reached by 
metabolic studies that a severe deficiency of essential fatty 
acids does not prevent fat synthesis (Burr and Beber, ’37) or 
mobilization of ingested fatty acids (Barnes, Rusoflf and 
Burr, ’42). 

SUMMARY 

1. Male and female albino rats were raised on 3 simplified 
diets ; the control diet contained 20% lard wliile the other 2, 
deficient in essential fatty acids, were fat-free and rich in 
saturated fat (hydrogenated coconut oil), respectively. The 
composition of these individuals in terms of total lipid, total 
non-lipid solids, and water content was determined in addi- 
tion to the unsaturation of body fat. 

2. A sex ditference in the unsaturation of fatty acids ob- 
tained from the body fat of rats raised on the 3 respective 
diets could not be established. 

3. Evidence was presented showing that on a high-fat diet 
deficient in essential fatty acids females store more fat than 
males, and it was adduced that the latter are more sensitive 
to a deficiency in essential fatty acids than the females when 
both derive the bulk of their calories from fat. 

4. Bats receiving a diet very high in saturated fat, but lack- 
ing essential fatty acids, are unable to effect an appreciable 
increase in the amount of total body lipid, but they readily 
exchange the dietary fatty acids with those in the tissues. 
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The rapid development of microbiological methods for 
amino acid determinations has greatly facilitated their ap- 
plication to the estimation of amino acids in natural materials. 
Considerable data are now available to show that these tech- 
niques can be utilized to determine the amino acid composition 
of natural materials following hydrolysis without preliminary 
removal of fat, water or carbohydrate material. The im- 
portance of such data for the judicious selection of the pro- 
tein components of the diet to assure adequacy of the essential 
amino acids is well recognized. The present study was initiated 
to obtain information on the amino acid content of the more 
common feeds, particularly those used in poultry feeding. The 
values for valine, isoleueine, phenylalanine and leucine are 
presented in this paper. 

EXPERIMENTAL 

The feed samples.were obtained by random sampling of the 
supplies of commercial feeds available. For some of the feeds 

^Acknowledgments are made to Frances Panzer and Patricia Sparks for tech* 
nieal assistance, to Mr. H. L, German and Dr. L. R. Richardson for supplying some 
of the feed samples, to Dr. C. M. Lyman and Dr. K. A. Knikcn for the analytically 
pure amino acid standards, to Lederle Laboratories for supplying the L. casci 
factor, to Merck and Oo. for pyridoxamine and some of the amino acids and also 
to the Dow Chemical Co. for some of the amino acids used in this investigation. 
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(corn, corn gluten meal, meat and bone scraps, soybean oil 
meal, alfalfa leaf meal, and milo) additional samples were ob- 
tained from different sources. All samples were finely ground 
prior to assay to assure homogeneity. » 

The techniques used for the valine, leucine and isoleucine 
determinations were described previously (Schweigert et al., 
’44, ’45). L. urah^nosm was used as the test organism for 
these determinations. The determinations of phenylalanine 
were carried out by the use of L. arahinosus and Leuconostoc 
mesenteroides P-60. The medium used for the phenylalanine 
assay with L. arahinosus was the same as that used previously 
>vith the appropriate amino acid omitted from the basal 
medium. In the present studies L. casei factor and pyridox- 
amine were also included in the basal medium for L. arahinosus 
at levels of 0.02 and 1 (jg per 10 ml of culture medium, re- 
spectively. 

The medium used with Leuconostoc mesenteroides P-60 was 
the same as that used in earlier work (Riesen et al., ’46) which 
is a modification of the medium described by Dunn and associ- 
ates (’44). This organism was used for comparative tests, 
since the recent findings of Lyman (’46) and Lyman et al. 
( ’46) show that L. arahinosus has the capacity to synthesize 
phenylalanine under certain test conditions. However, in the 
present work, excellent agreement was obtained with the use 
of both organisms for the determination of phenylalanine. 

All amino acid standards used were critically tested for 
their purity to eliminate this factor as a possible source of 
error by comparing them with analytically pure standards. 
The amino acid values obtained are expressed on the basis of 
100% activity for the 1-isomer and no activity for the d-isomer. 

The samples were hydrolyzed by autoclaving with 2N HCl 
at 15 lbs. pressure for 10 hours. This procedure has been found 
satisfactory for maximum liberation of amino acids (Schwei- 
gert et al., ’44, ’45; Riesen et al., ’46). After hydrolysis, the 
samples were neutralized and aliquots taken for assay. 

The results are expressed both as the per cent of each amino 
acid in the sample as analyzed and as the per cent in the crude 
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protein (calculated to 16% nitrogen). The determinations 
were made in duplicate or triplicate and all values were 
checked to within ± 5%. For comparison, results are also in- 
cluded for 3 purified proteins : casein, egg albumin and gelatin. 
The data are summarized in table 1. 

To obtain further information on the usefulness of these 
individual values for calculating the amino acid content of 
rations composed of several sources of protein, 2 rations were 
analyzed for their amino acid content and the values compared 
with the calculated figures. These rations contained corn, oats, 
soybean oil meal, dried skim milk, corn gluten meal, fish meal, 
alfalfa leaf meal, meat and bone scraps and bone meal as 
constituents which supplied protein. The calculations were 
based on the analytical figures taken from the lots of feed used 
in preparation of the rations. The values found by calculation 
and determination are shown in table 2. 

RESULTS AND DISCUSSION 

The data presented in table 1 show that considerable varia- 
tion exists in the amino acid content of feeds both when com- 
pared on tlie undried basis and, on a protein basis. Large 
amounts of leucine were found in corn, corn gluten meal, milo 
and blood meal proteins. Isoleucine, however, is very low in 
blood meal. This is to be ^"expected since several workers 
(Block and Bolling, ’43; Brand and Grantham, ’46; Devlin 
and Zittle, ’44; and Orten et al., ’45) have observed by analysis 
and in feeding teats that the principle protein, globin, is 
markedly deficient in this amino acid. The rice products tended 
to be low in all 4 amino acids. 

The amino acid values obtained for different sources of the 
same feed were quite uniform for the corn products, milo, 
alfalfa leaf meal and soybean oil meal. Of the 4 amino acids 
tested, the values for phenylalanine were the most consistent, 
while those for leucine were the most variable. Rather diver- 
gent results were obtained for the various samples of meat 
and bone scraps. This is probably due to the varying composi- 
tion of different lots of this feed. The amount of connective 



TABLE 1 

Amino aeid content of feeds. All values are expressed as per cent of the undried sample and of the protein. 
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tissue, etc., in relation to the amount of muscle tissue would 
undoubtedly affect the amounts of the amino acids in the total 
protein. Furthermore, gelatin, derived from collagen and 
other connective tissue proteins, is rather low in these amino 
acids. 

Some comparative values are available from the literature 
on the amino acid content of these feeds and are summarized 
by Block and Bolling ( ’45). The greatest discrepancies in the 
values are for valine and leucine. In general, the former were 
higher and the latter lower than those quoted by Block and 
Bolling. Results obtained microbiologieally for some of these 
materials are published elsewhere (Kuiken et al., ’43; Brand 

TABI-K 2 

Amino acid content of rations determined by actual analysis and calculated from 
the values obtained for the components,^ All values are expressed as 
per cent in the ration. 


RATION 

LKUCINK 

VAI.INfi 

ISOLKVCINB 

IMIKNYLALANINK 

Xo. 1 (determined) 

2.49 

1.17 

1.06 

1.07 

No. ] (calculated) 

2.54 

1.33 

1.10 

1.14 

No, 2 (determined) 

2.47 

1.27 

1.10 

1.14 

No. 2 (calculated) 

2.64 

1.42 

1.21 

1.19 


' The amount of each amino acid contributed by the various protein ing^redients 
was calculated on the basis of the percentage of that ingredient in the ration and 
from the data in table 1, 


et al., ’45; Stokes et al., ’45; llier et al., ’45; McMahan and 
Snell, ’44). 

It is rather unlikely that a deficiency in leucine, valine, iso- 
leucine or phenylalanine would be encountered with rations 
containing sufficient proteiA from a combination of feeds such 
as corn, oats, corn gluten meal, soybean oil meal, dried skim 
milk, fish meal, alfalfa leaf meal and meat and bone scraps. 
The leucine, valine, isoleucine and phenylalanine contents of 
poultry rations made up of these feeds were determined 
(table 2). The content is well above the estimated require- 
ments for chickens, namely, 0.5% isoleucine, 1.5% leucine, 
0.7% valine and phenylalanine, 0.5 to 1.5%, depending on the 



558 


B. S. SCHWEIGEllT 


level of tyrosine (Almquist and Gran, ’44; Grau and Peter- 
son, ’46). No data, however, are available on the quantitative 
requirements of turkeys for these amino acids. The values 
obtained by calculating the amount of each amino acid fur- 
nished by the 6-8 protein components of the ration agree 
rather well with the values obtained when the entire ration 
was analyzed. The values for valine showed the greatest dif- 
ference, although none of the determined and calculated values 
differed by more than ±7%. Calculations based on these fig- 
ures may not agree as well as observed in the present study 
when other sources of these feeds are incorporated in rations 
and such rations analyzed for their amino acid content. 

When results become available on the quantitative require- 
ments of all essential amino acids for various animals and on 
the amounts present in various feeds one may then interpret 
the adequacy of the diet in terms of the content of each amino 
acid. The important problem associated wiUi availal)ility of 
each amino acid can then be more easily im'^estigated. 

SUMMARY 

1. The leucine, valine, isoleucine and phenylalanine con- 
tents of various feed materials have been determined by the 
use of microbiological methods. 

2. Values for these amino acids in different lots of corn, 
corn gluten meal, alfalfa leaf meal, milo and soybean oil meal 
were quite uniform. More variability was observed between 
different samples of meat and bone scraps. 

3. The differences between the amino acid content of 2 
rations calculated from data on individual ingredients and 
determined by actual analysis were within ±7%. 
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In several species of animals, the course of tryptophane 
metabolism is atfected by the vitamin Bo content of the diet. 
When the pyridoxine intake is adequate kynurenic acid is the 
metabolite which appears in the urine of rabbits, dogs and rats 
(Berg, '34; Correll et al., '38; Homer, ’15). In rats and dogs 
maintained on a pyridoxine-deficient diet the normal metabolic 
derivative is replaced by xanthurenic acid (Lepkovsky and 
Nielsen, '42). Kynurenin has been postulated as the single 
intermediate through which the 2 end-products of tryptophane 
metabolism are derived (Lepkovsky et al., ’43). 

Data in a previous note (Eosen et al., ’46) from this labora- 
toiy showed that a marked rise in the excretion of nicotinic 
acid and of N'-methylnicotinamide occurred when dl- or l- 
tryptophane was administered orally or subcutaneously to 
rats. Since the normal metabolism of tryptophane in rats 
yields N'-methylnicotinamide in addition to kynurenic acid, it 
was thought desirable to study the effect of a pyridoxine-free 
diet on this relationship. 

* The authors wish to thank Miss Nancy Anne Hunter and Miss Betty Jean Peck 
for helpful technical assistance. 

* Nutrition Foundation Fellow. 

■Nutrition Foundation Fellow. Present address: Medical Research Division, 
Sharp and Dohnie, Inc., Glenolden, Pa. 
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EXPERIMENTAL AND METHODS 

Pyridoxine deficiency was induced in rats by feeding a 
ration of the following percentage composition : Vitamin-free 
casein,^ 35; sucrose, 58; salts (Hubbell et al., ’37), 4; cotton- 
seed oil, 3. The ration was supplemented with 0.5 mg of 
thiamine, 1.0 mg of riboflavin, 2.5 mg of calcium pantothenate, 

10 mg of inositol, 100 ng of vitamin K and 100 mg of choline 
chloride per 100 gm. Each animal received 2 drops of cod liver 

011 twice weekly. A high protein (35% casein) diet was adopted 
because of the claim by Ce recede and Foy (’44) that pyri- 
doxine deficiency can be accelerated in rats by such diets. 

A simple quantitative procedure for xanthurenic acid based 
on the formation of a green ferric salt in an alkaline medium 
(Lepkovsky et al., ’43) was used for estimating this compound. 
To a volume (1-3 ml) of undiluted rats’ urine in a graduated 
cylinder, adjusted fo pH 8.1 with 1 ml of a saturated NaHOO.. 
solution, 1 drop of 1.7% ferric ammonium sulfate is added. 
The contents are diluted to 10 ml with distilled water mixed 
by inversion, and poured into a calibrated Evelyn tube. A 
blank is prepared by diluting 1 ml of saturated NaHt^Os and 
1 drop ferric ammonium sulfate to 10 ml with distilled water. 
Readings were made in the Evelyn colorimeter using filter 
620, set at 100 with the blank tube. Pure xanthurenic acid," 
was used as a standard. 

The N*-methylnicotinamide was determined in a filtered 
sample of urine by the acetone-fluorometric method of Huff 
and Perlzweig (’47). 

Six male rata (86-155 gm) maintained on the above diet for 
30 days showed but slight acrodynia and complete cessation 
of growth. On the other hand the metabolic aspect of R„ 
deficiency was definitely manifested by the excretion of ap- 
preciable amounts of xanthurenic acid in the urine after re- 
peated doses of di-tryptophane as shown in table 1. Tt can be 
seen from table 1 that as the pyridoxine deficiency became more 

* Smaco. 

* Synkavite. 

•Kindly furnished by Sharp and Dohme, Inc. 
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acute, as measured by the increase in xanthurenic acid, there 
was a progressive decrease in the excretion of N^-methylnico- 
tinamide. Two control rats maintained for 35 days on the 
same diet but including % mg % pyridoxine excreted 3420 and 
1690 Mg N’-methylnicotinamide in 48 hours after a dose of 
100 mg <ii-tryptophane. This is in contrast to the average 
value 177 Mg found in the experimental rats after 26 days of 
pyridoxine depletion. 

To check the possibility that the destruction of N* -methyl- 
nicotinamide was not increased during the pyridoxine 
deficiency, each animal received 50 mg of N'-methylnico- 
tinamide by stomach tube. Approximately 16 to 28% was 
recovered in the urine in 48 hours, which indicates a normal 
rate of destruction of N^-methylnicotinamide (Huff and 
Perlzweig, ’46). In another series of pyridoxine-deficient rats, 
an oral dose of 25 mg of nicotinamide resulted in normal ex- 
cretion of N*-methylnicotinamide, indicating that the mech- 
anism for methylating nicotinamide is not impaired in a 
vitamin Be deficient rat. 

After 31 days on the pyridoxine-free diet, each rat received 
5 mg of pyridoxine hydrochloride daily for 4 days before 
administration of 100 mg (iZ-tryptophane. The excretion of 
xanthurenic acid ceases abruptly after an oral dose of vita- 
min B«, as was previously shown by Lepkovsky et al. (’43). 
But the disappearance of xanthurenic acid was accompanied 
by a relatively small rise in N’-methylnicotinamide excretion 
after a dose of tryptophane, whereas in animals maintained on 
a complete diet, as the 2 control rats mentioned above, the 
usual response to a 100 mg dose of ^Z-tryptophane is the 
excretion of 1-3.5 mg per 48 hours. 

For a period of 2 weeks after the initial 5 mg pyridoxine 
supplement each animal received 50 Mg of B^ daily. This re- 
sulted in an average weight increment of 24 gm per rat per 
week, indicating the overall remission of the pyridoxine de- 
ficiency. However, the low level of N^-methylnicotinamide 
excretion after the test dose of tryptophane remained un- 
affected. During this period of B« supplementation the addi- 
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tion of biotin and folic acid or of brewers’ yeast and Wilson 
liver (Fraction L) did not affect the results. 

While the data gfiven in this paper show the results on 6 
rats only, for a period of 37 days, data involving experiments 
on 12 other rats, employing somewhat different diets and 
shorter periods of observation, yielded substantially the same 
results, namely, a significant decrease in N’-methylnicotina- 
mide excretion after a test dose of tryptophane. We have not 
found, to date, a single rat failing to exhibit this effect. 

DISCUSSION 

The data presented in this paper indicate that prolonged 
pyridoxine deficiency in half grown animals affects adversely 
the transformation of tryptophane to nicotinic acid in the rat. 
This metabolic defect is not rapidly restored after the animals 
ingest adequate amounts of the vitamin. That the hitherto ob- 
served abnormality in tryptophane metabolism involving the 
formation of xanthurenic acid is not directly related to the 
decrease of niacin formation is demonstrated by the simul- 
taneous disappearance of xanthurenic acid from the urine. 

The prolonged effect of Bo deficiency on Ihe synthesis of 
niacin and the failure to restore normal function even after 
2 weeks of furnishing the vitamin point conceivably to changes 
in bacterial flora in the gut which are slow in developing. 
But the unlikelihood of the significant participation of the in- 
testinal bacteria in the formation of niacin is emphasized by 
the extremely rapid response of rats to parenteral injections 
of tryptophane (Rosen et al., ’46). 

Furthermore, we attempted to test the relation of the 

tryptophane > kynureiiine > kynurenic acid 

xanthurenic acid 

metabolic reaction (Lepkovsky et al., ’43) to our problem. 
The administration of kynurenine, kynurenic acid and 
xanthurenic acid to rats on a complete diet failed to pro- 
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doce increased amounts of N‘-methylnicotinamide in the 
urine. This leads us to believe that the metabolic course 
from tryptophane to niacin in the rat is not via the above 
kynurenine pathway. 

It was recently demonstrated that it is pyridoxal phosphate, 
rather than pyridoxine itself, which is involved in the enzymic 
systems concerned in transamination and decarboxylation of 
amino acids (Umbreit and Gunsalus, ’45; Lichstein et al., ’45) 
and in the synthesis of tryptophane (Umbreit et al., ’46). 
Therefore, we thought it desirable to test the effect of admin- 
istering pyridoxal upon the transformation of tryptophane to 
niacin in Be-deficient rats. Subcutaneous and oral administra- 
tion of 5 mg doses of pyridoxal daily proved as ineffective as 
pyi‘idoxine itself in the experiments described above. 

On the basis of our observations it is not possible at this 
time to propose a plausible hypothesis as to the possible mode 
of action of pyridoxine upon the tryptophane niacin re- 
action. Until the enzyme systems involved in this transforma- 
tion are more clearly defined this problem will probably 
remain unsolved. 


SUMMARY 

The omission of pyridoxine from the diet of rats results 
in a progressive decrease in the urinary excretion of 
N^-methylnicotinamide after doses of tryptophane. This de- 
fect is only slightly overcome by the restoration of pyridoxine 
to the diet. The data indicate that the abnormal formation of 
xanthurenic acid in Be deficiency is not responsible for the 
impaired tryptophane to niacin transformation. 
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The small amount of information now available indicates 
that there may be an optimum fat level in the diet. The re- 
quirement of experimental animals for minimal amounts of 
certain unsatui-ated fatty acids is now well established (.Burr, 
’4-2) although the single human expei’iment of Brown et al. 
( ’38) was not conclusive. The suggestion that certain eczema- 
tous conditions in infants may result from fat deficiency has 
received some support (Hansen, ’33; Finnerud et al., ’41). 

On the other hand, there is some evidence that excessive 
amounts of fat in the diet may be harmful. Higgins ( ’30) has 
reviewed the earlier medical literature, and reports reduced 
ability to work on high-fat diets. Loewy and coworkers ( ’42) 

^ This work was carried out under a research gnmt from The Best Foods, luc. 
The authors wish to acknowledge the helpful advice of Professor Anton J. Carlson 
of the University of Chicago, of Professor Arthur W. Thomas of Columbia 
University and of Dr. H. W. Vahlteich of The Best Foods, Inc., during the course 
of the experiments. 

We are indebted to Merck and Co., Rahway, N, J.. for the synthetic B vitamins ; 
to the Winthrop Chemical Co., Albany, N. Y., for the crystalline vitamin D^ and 
to Lederle Laboratories, Inc., for the folic acid. 
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observed increased erythrocyte destruction when large 
amounts of fat were added to the diet of dogs. Sako (’42) 
found a lowered resistance to pneumococci in mice which had 
received a high-fat diet (50%) for 6 weeks as compared with 
animals fed diets with less fat (23 or 5%). 

Hoagland and Snider ( ’40) found greater gains in weight 
on diets containing 30 to 55% of fat, as compared with 5%; 
the fats used included several types of lard, oleo oil, and cot- 
tonseed oil. The efficiency of utilization, expressed as gain in 
weight per 100 cal. of food consumed, was greatest on the 
low-fat diets, however, indicating that the greater growth on 
the higher fat diets required a greater proportionate con- 
sumption of food. Hajdu (’42) studied the growth of working 
rats on diets in which fat and carbohydrate contents were 
varied reciprocally. The best growth, and the best work per- 
formance, were observed when the fat and carbohydrate con- 
tents of the diet were approximately equal while high-fat and 
low-fat diets resulted in poorer growth and performance. 
Crampton and Mills ( ’45) eliminated the effect of food con- 
sumption by feeding rats isocaloric amounts of diets contain- 
ing 4% and 16% of fat. They report better growth on 4% 
than on 16%, whether the animals were fed ad libitum or 
isocalorically. Opposite results were obtained in a carefully 
planned experiment by Forbes and coworkers (’46a, ’46b). 
They report greater growth with an increasing fat content 
of the diet at levels of 2, 5, 10 and 30% when isocaloric amounts 
were fed. The greatest improvement was seen between 2 and 
5%. They attribute this effect to increased efficiency of utili- 
zation of the diet with a higher fat content. 

The experiments to be reported here were designed to ex- 
amine the question of optimum fat level under conditions of 
ad libitum feeding and isocaloric feeding at severely restricted 
levels of food intake. We have studied effects on growth, 
reproductive performance, physical capacity, nitrogen metab- 
olism, blood composition, and body composition. The studies 
on nitrogen metabolism, blood composition, and physical 
capacity have been reported in part elsewhere (Miller et al., 
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’46; Scheer et al., ’47a). The present paper presents data on 
growth, reproduction and physical capacity on ad libitum feed- 
ing; the results of restricted feeding experiments will appear 
in succeeding papers (Scheer et al,, ’47b, ’47c). 

METHODS 

The composition of the diets used is presented in table 1. 
The rations were based on those of Cerecedo and Vinson ( ’44). 

TABLE 1 

Percentage composition of diets used in fat studies, 

DIST NUMBER 

DISTART COMPONENT 



oo» 

60b 

6(>c 

61 

62 and 

67 2 

63 

64 

65 

66 

Casein 

25^ 

25 

25.5 > 

27 

28 

31 

37.5 

34 

39 

Sucrose 

67 

67 

65 

61 

54 

40 

12 

26 

0 

rat* 

0 

0 

0 

4 

9 

19 

39 

29 

49 

Cellulose * 

3 

3 

3 

3 

3.5 

4 

4.5 

4 

4.5 

Salt mixture * 
Water-soluble 

4 

4 

4 

4 

4.0 

5 

6 

5.5 

6.5 

vitamin mixture ® 
Fat-soluble 

0.16 

0.16 

0,16 

0.17 

0.18 

0.20 

0.24 

0.22 

0.26 

vitamin mixture 

1* 

1* 

1* 

1* 

1* 

1* 

1* 

1’ 

1* 

Methyl linolate 



1.5 







Fat, weight % 

0 

0 . 

0 

5 

10 

20 

40 

30 

50 

Fat, % calories 

(2.4) 

(2.4) 

(5.9) 

31 

21.5 

39 

64.5 

51.4 

69.6 

Calories per gm 

3.77 

3.77 

3.84 

3.97 

4.18 

4.64 

5.58 

5.25 

6.06 


' Vitamin test casein from General Biochemicals, Inc., used. Commercial casein 
used in other diets. 

* Diet 67 contains 7.2% of margarine fat and 2.8% cottonseed oil (including 
1% in fat'Soluble vitamin mixture). 

“Cottonseed oil (Wesson oil) or margarine fat — the latter being designated by 
the addition of M to the diet numbers in the text. 

* Cellu flour obtained from Chicago Dietetic Supply House. 

* Osborne-Mendel salt mixture. 

• The water-soluble vitamin mixture had the following percentage composition : 
choline, 93.50; thiamine chloride, riboflavin and pyridoxine, each 1.24; calcium 
pantothenate, 2.48; folic acid, 0.30. 

^ The fat-soluble vitamin mixture no. 1 had the following composition per 100 gin ; 
a-tocopherol (Merck), 0.50 gm; carotene (General Biochemicals, Inc.), 20 mg; 
crystalline vitamin Dg (Winthrop), 0.5 mg; ethyl laurate (Eastman) to 100 gm. 

• Same as mixture no. 1 with methyl linolate replacing ethyl laurate. 

• Same as mixture no. 1 with cottonseed oil replacing ethyl laurate. 
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Purified or synthetic materials were used because we desired 
to vary the fat content of the diet without changing the 
protein, vitamin or mineral intake. The composition of the 
diets was adjusted so that the ratio of protein, water-soluble 
vitamins, cellulose, and salts to calories would be the same in 
all diets. Thus, the intake of each of these components would 
be the same in isocaloric feeding, and proportional to caloric 
intake in ad libitum feeding. Ethyl laurate was used as a 
carrier of the fat-soluble vitamins in the fat-free diet (60a), 
methyl linolate was provided in diet 60b, and diet 60c was 
designed to provide a liberal allowance of methyl linolate 
for rata on restricted feeding. Cottonseed oil - was used as 
a vitamin carrier in all other diets. The margarine fat used in 
some of the diets contained no milk moisture or milk solids. 
The diets were mixed fresh at least once weekly in a mechan- 
ical dough-mixer. They were kept under refrigeration at all 
times. For comparison, a stock diet of natural foods was fed 
to 1 group of animals in some experiments. This diet w^as 
composed of ground whole wheat 34%, grround steel-cut oats 
34%, skim milk powder 15%, cottonseed oil containing 1600 
I.TJ. vitamin A and 160 T.U. vitamin D, 10%, alfalfa leaf meal 

‘ r!? 

4%, dry yeast (Anheuser-Busch, strain G) 2%, sodium 
chloride 0.5% and calcium carbonate 0.5%. 

Weanling rats from our stock colony’- were used. The ani- 
mals were separated fi-om the mothers at 21 days, and divided 
into experimental groups. Animals from any one litter were 
assigned to the several dietary groups in regular rotation. In 
the first experiment, approximately’^ one-half of each litter was 
assigned to the ad libitum series, and the remainder to the 
restricted feeding series (Scheer et al., ’47b). Each dietary 
group comprised 50 animals, 25 males and 25 females. The 
animals on ad libitum feeding were kept in groups of 4 in . 
large cages. Five rats of each sex from each dietary series 
were placed in smaller individual cages for observations on 
food consumption. All animals were weighed once weekW. 


* Wesson oil. 
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RESULTS 

Growth 

Tile growth curves for the males on cottonseed oil and 
margarine fat diets are plotted in figure 1 and those for the 
females in figure 2. The body weights fall into 3 rather definite 
groups in both cases. In the first experiment, the poorest 
growth was obtained with diets 60a and 60b, containing no 



COTTON SEED OIL MARGARINE FAT COTTONSEED OIL MARGARINE FAT 


Figure 1 Figure 2 

Fig. 1 The average body weight of weanling male rats at start (lower blank 
space), after 3 weeks (solid black), after 6 weeks (stippled), after 12 w'eeks 
(cross-lined) and after 18 weeks (top blank space). The figures in the lower blank 
space are diet numbers. 

Fig. 2 The average body weight of weanling female rats at start (blank space), 
after 3 weeks (solid black), after 6 weeks (stippled), and after 12 weeks (cross- 
lined). The figures in the blank space are the diet numbers. 

fat. Very much better growth was observed with diets 61, 62, 
and 64 containing 5, 10 and 40% fat, respectively. The best 
gro%vth appeared on diet 63, with 20% fat. In the second 
experiment, growth was poor on 60a, much better on 67 M, 
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62M (10%), 63M (20%) and 66M (50% fat), and best on 
64M (40%) and 65M (30%). It is interesting to note that 
growth on 60a was much better in the second experiment than 
in the first, while growth on 62M. and 64M was better than on 
62 and 64, respectively, and on 63M was poorer than on 63. 
It does not seem possible to explain these latter differences 
without further experiments. Three conclusions are supported 
by the 2 experiments: (1) Growth is better on any diet con- 
taining fat than on 60a or 60b which had no fat. (2) The 
optimum fat content for growth lies above 10% and below 
50%. (3) There are no consistent differences between diets 
containing cottonseed oil as compared with margarine fat. 
Statistical analysis of the data confirms these conclusions 
(table 2). The most striking differences in the cottonseed oil 
series are those between 60b and 61, and between 62 and 63. 
In the margarine series, 60a was decidedly inferior to the 
other diets while 64M and 65M were superior to diets with 
less fat. The growth curves for the female rats follow the same 
pattern (fig. 2 and table 2) ; diets 60a and 60b were inferior to 
the others in promoting growth. However, there were no sig- 
nificant differences among the diets containing 5 to 50% fat, as 
regards growth of females. 

It is of interest to compare growth with food consumption 
on the various diets (table 3). Five rats of each sex were fed 
each of the experimental diets and were kept in individual 
cages; records were kept of food consumption. The gains 
in weight, and total calories consumed are presented in table 3 
for the first 6 and 12 weeks of the experiment. In general, it 
appears that the greatest growth was accompanied by the 
greatest food consumption, although there are some exceptions 
among the females. It might accordingly be concluded that 
the differences in promoting growth in the diets used depend 
simply on variations in the amounts which rats will consume 
in ad libitum feeding. We have no positive proof that this is 
not the whole explanation but Forbes and coworkers (’46a, 
’46b) found similar differences with isocaloric feeding, and 
we have noted a superiority of diets containing fat in severely 
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The relation of average gain in weight to food consumption of rats (6 in each group) kept in individual cages for IJ weeks. 
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restricted isocaloric feeding (Scheer et al., ’47b, ’47c). In 
this connection, it should he noted that the efficiency of utiliza- 
tion of the diets, as expressed by the gain in weight per 
100 cal. of food consumed, varies only slightly, and in no 
consistent fashion among the diets. There are instances where 
the efficiency is lowest when the growth is least, but this is not 
invariably the case. The efficiency is greater in the males 
than in the females and in general the highest efficiency obtains 
for the period of rapid gro\\‘th (first 6 weeks). These data are 
in agreement with our earlier results (Deuel et al., ’44). 

Phyfiical capacity 

The methods used for the determination of physical 
capacity and some of the results obtained have been re- 
ported elsewhere (Scheer et al., ’47a). The method depends 
on a measurement of the time required for a rat to be- 
come exhausted when swimming with a regularly increasing 
work load. The results for the present experiments are sum- 
marized in table 4. Statistical analysis of these data shows the 

TABLE 4 

The physiodl capacity of rats fed diets containing different 
nnutnnts of fat ad Hhituin. 


SEX 

WBBKS 

ON 

DIET 




DURATION OP SWIM IN 




60a 

0% 

601) 

0% 

fii 

'«2 

10% 

63 65 

20 Vf 'Mi'r 

64 

40^; 

66 

50% 

Stock 

14% 




Cottonseed oil 

as the dietary 

fat 



0 

f) 

rji2 

580 

802 

777 

1062 

922 


1025 



(5) 

(5) 

(6) 

(5) 

(•'5) 

(3) 


(4) 


6 

805 

692 

1019 

921 

1223 

1143 


955 



(5) 

(5) 

(5) 

(5) 

(ro 

(5) 


(!') 


12 

645 

637 

769 

850 

846 

1068 


1084 



(20) 

(19) 

(19) 

(17) 

(19) 

(1^5) 


(19) 




Margarine fat 

as tlie dietary fat 



c? 

12 

485 



806 

1174 1065 

876 

1122 




(23) 



(10) 

(8) (25) 

(-1) 

(10) 



Figures in parentheses are number of tests, 

^ 7,8% margarine fat and 2.2% cottonseed oil. 
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following significant differences for the males (mean differ- 
ence/standard error greater than 2.5). In the first series 
(cottonseed oil) tested after 6 weeks, diet 63 was superior 
to 60a and 60b, and 61 was superior to 60b. After 12 weeks 
physical capacity was greater on diets 62, 64 and the stock 
diet than on 60a or 60b, while the stock diet was also superior 
to 61 and 62. In the second experiment (margarine fat), 
capacity was greater on 62M, 63M, 65M, 66M than on 60a, and 
greater on 63M and 67M than on 62M. These data do not 
present a wholly consistent picture, but it is evident that, in 
all cases, physical capacity is low on diets containing no fat, 
as compared with diets containing 10 to 50% fat. It is of par- 
ticular interest that the stock diet, which does not support 
growth as well as diets 62 and 63, is superior to diet 62, and 
probably to 63, in the development of physical capacity. It is 
likewi.se of interest that diet 67M, which differs from 62M only 
in the presence of a small amount of cottonseed oil in place of 
part of the margarine fat, and which supports almost exactly 
the same amount of growth, is apparently superior in pro- 
viding for development of physical capacity. It is unfortunate 
that so few animals were tested in this group. 

Reproductive performance 

The data on reproduction are summarized in table 5. The 
females in the cottonseed oil series were checked regularly for 
sexual maturity, as indicated by opening of the vagina. The 
table shows that maturity was attained more rapidly on the 
diets (61-64 and stock) containing fat than on the fat-free diet. 
After 16 weeks on the Experimental diets, 8-10 females from 
each dietary group were mated with males from the same 
group. The litters were reduced to 7 animals each at 3 days 
after birth. Fertility, as indicated by the percentage of 
matings which resulted in pregnancy and birth, was lowest 
on diet 60b, where no pregnancies developed, and relatively 
low on 60a, where only 2 litters were bom. The animals born 
to mothers on diet 60a were smaller when weighed 3 days after 
birth, and remained smaller during the lactation period than 
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those born to mothers on diets containing fat; the fat-free diet 
evidently does not support adequate lactation. Considerable 
variation in fertilitj’^ and per cent mortality of the young rats 
was evident among the animals receiving the diets containing 
fat, but there was no consistent relation to fat content of the 
diet. Breeding tests were not performed with the animals in 
the second (Margarine fat) series. 

TABLE 5 

Reproductive performance of rats fed experimental diets. 

Bred 16 weeJcs from heginning of experiment . 


DIET 

AOE or 
FEMALES 
AT MA< 
TUBirr 
(WEEKS) 

NO. 

OF 

M\TINGS 

% OP 
MATINGS 
SUCCESS- 
PUL 

AVERAGE 

TIME, 

DAYS. 

PROM 

MATING 

TO 

BIRTH 

AVERAGE 
NO. OP 
ANIMALS 
PER 
I.ITTER 

AVERAGE WEIGHT OF 

% MOR- 
TALITY 
P.FFORE 
21 DAYS 

Litter 
at 3 
days 

Individuals 

at 3 at 21 

days days 

60a 

8.1 

9 

<)o o 

36.0 

6.0 

36.0 

6.1 

17.3 

0 

60b 

9.1 

9 

0 







61 

7.0 

8 

62.0 

25.6 

8.0 

67.6 

8.5 

36.9 

10 

62 

6.5 

10 

90.0 

26.8 

6.5 

55.0 

7.6 

27.3 

49 

63 

6.4 

9 

00.6 

26.2 

6.2 

51.0 

8.3 

33.1 

13 

64 

6.3 

10 

70.0 

30.7 

8.0 

58.0 

7.9 

32.4 

30 

Stock 

6.6 

10 

90.0 

31.0 

7.8 

(?6.7 

7.6 

30.7 

23 


DISCUSSION 

Where we have noted significant ditferences in performance 
related to the fat content of the diet, these have all been in 
the same direction; animals receiving diets containing 5 to 
50% fat grow more rapidly, reach a greater final weight, have 
a greater capacity for exhausting work, attain sexual maturity 
earlier, are more fertile, and raise larger young than wholly 
comparable animals fed diets containing no fat. This was not 
the result of fatty acid deficiency, or deficiency of fat-soluble 
vitamins ; the diet (60b) with added methyl linolate gave just 
as poor results as the diet (60a) containing only ethyl laurate. 
Growth was better on diets containing intermediate amounts 
of fat (20-30%) than on similar diets with small (5-10%) or 
large (40-50%) amounts. The nature of the fat, as between 
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cottonseed oil and margarine fat (hydrogenated vegetable 
oils), had little consistent influence on the results. 

These conclusions are in agreement with those reached by 
Hoagland and Snider (’40) and by Forbes et al. (’46a, ’46b). 
At least 2 factors are apparently involved in the superiority 
of diets containing fat, although our data do not permit an 
evaluation of the relative importance of these factors, or an 
estimate of other possible influences. The first factor is the 
greater intake in terms of energy values of diets containing 
fats. This was noted by Hoagland and Snider (’40) and is 
evident in our results. A second component influence is the 
greater eflSciency of utilization reported by Forbes et al. ( ’46a, 
’46b) with diets containing larger amounts of fat. They found 
that the energy cost of metabolizing diets providing constant 
protein intake decreased with increasing ratio of fat to carbo- 
hydrate. Our data, however, provide evidence of an optimum 
fat intake somewhere between 30 and 50% of the diet (50- 
70% of total cal.) at least as regards growth. There is no 
evidence that the low-fat or fat-free diets give more efficient 
food-utilization as indicated by Hoagland and Snider (’40). 
In fact, the lowest efficiency (gain in weight/100 cal.) was 
obtained on the fat-free diet in all cases. 

It appears from the tests of reproductive performance and 
physical capacity that factors other than fat content as such 
may be important. Particularly noteworthy is the superior 
performance of the stock diet in supporting exhausting work, 
as compared with synthetic diets of approximately the same 
fat content. It appears desirable to examine this question 
further, with numbers of animals sufficiently great to oflFset the 
variability inherent in the determination. 

We originally planned to observe the effects of our experi- 
mental diets on longevity. It has proved impossible thus far 
to do this, but the results of such a study would be of particular 
interest ; the more rapid growth observed on diets containing 
fat might well be associated with a shortened life span. It 
seems also of value to note that growth remains the most 
sensitive criterion among those which we have used in esti- 
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mating the effects of these diets ; whether it is the most valid 
is more questionable. 


SUMMARY 

Ad libitum feeding to rats of diets varying in fat content 
from 5 to 50% (10 to 70% of total cal.) results in better 
growth, greater physical capacity, and better reproductive and 
lactation performance in rats than does feeding of diets con- 
taining minimal amounts of fat. The difference is not influ- 
enced by presence of methyl linolate in the fat-free diet. 
Optimum growth was observed on diets containing 20-40% 
fat. The most pronounced differences were observed in males. 
The effects are in part, but not entirely, attributable to greater 
caloric intake on the diets containing fat. 
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Interest in phenomena related to undernutrition has been 
intensified in recent years by widespread conditions of famine. 
The studies of Keys and co workers ( ’46) with typical famine 
diets have contributed valuable infonnation concerning the 
effects of starvation on man. We wished to examine in more 
detail the effects on rats of variations in the fat content of 
purified diets under severe caloric restriction. 

These experiments to be reported here were carried on 
simultaneously with those reported in the preceding paper 
of this series (Deuel et al., ’47). Litter mates were divided 
between the experiments, the same diets were fed, and the 
same measurements of growth, reproductive performance and 
physical capacity were used. 

* The subject matter of this paper has been undertaken in cooperation with 
the Committee on Food Research of the Quartermaster Food and Container 
Institute for the Armed Forces. The opinions or conclusions contained in this 
report are those of the authors. They are not to be construed as necessarily re- 
flecting the views or indorsement of the War Department. 

We are indebted to Merck and Co., Rahway, N. J., for the synthetic B 
vitamins; to the Winthrop Chemical Co., Albany, N. Y., for the crystalline vit- 
amin Da and to Lederle Laboratories, Inc., for the folic acid. 
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METHODS 

The diets were designed so that the ratio of protein, vita- 
mins or minerals to calories was the same in all diets. Thus, 
when the caloric intake was held constant the only variation 
among animals on different diets w’as in the intake of fat and 
carbohydrate; the intake of vitamins, proteins and minerals 
remained constant. 

The animals w’ere kept singly in especially designed cages 
(7X8X6 inches) in a room at constant temperature of 78*^ 
during the period of caloric restriction. On transfer to ad 
libitum feeding, the animals were kept in groups of 4 in larger 
chges (16 X 10 X 11 inches). 

The animals on restricted calories were fed the diets on 
alternate days, at the same hour each day, in weighed por- 
tions. It was i-ealized that this practice, ncK-essitated by short- 
age of personnel, would influence to some extent the results 
of the experiment. However, we considered that comparisons 
between groups receiving different diets would be valid, since 
all groups were being dealt with in tlie same way. The animals 
were weighed once w^eekly. 


RESULTS 

Caloric restriction at various levels 

In our first experiment, we wished to establish the lowest 
level of caloric intake which would permit survival during 12 
weeks in weanling rats. Male rats 21 and 28 days old were 
used. They were fed the stock diet at levels ranging from 
13 to 35 Cal. per day for 12 w'eeks. The general results are 
presented in table 1. The most striking feature of the results 
is the fact that the final weight attained depends on the 
caloric intake per day, regardless of the initial weight or age 
of the animal. The relation is linear and may be expressed as 

W = aC-K 

where W is the final weight in gm and C the caloric intake 
per day. The constants in this ease have the values, a = 8.25 
and K = 47. 
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TABLE 1 

Weight changes in male weanling rats fed stock diet at varying levels of calorie 

intake for IB weeks. 


CALORIES FED 

PER ANIMAL 

PER DAT 

NUMBER 

OF 

ANIMALS 

AVERAGE WEIGHT 

INITIAL 

AGE 

Initial 

Final 



gm. 

gm 

days 

34.7 

9 

55.4 

217 

28 

27.7 

8 

46.2 

180 

28 

24.1 

7 

39.7 

142 

21 

23.1 

9 

60.4 

142 

28 

19.1 

7 

42.8 

112 

21 

18.8 

9 

57.5 

106 

28 

17.1 

7 

40.8 

95.5 

21 

14.7 

7 

38.7 

74.5 

21 

14.5 

10 

56.2 

72.7 

28 

12.9 

7 

39.5 

59.9 

21 


Caloric restriction urith variable fat content 
in the diet 

On the basis of this preliminary work, it was concluded 
that weanling rats 21 days of age could survive for 12 weeks 
on a diet providing 12 Cal. per day. Accordingly, 300 animals, 
litter mates of those used by Deuel et al. ( ’47), were distributed 
among dietary groups, 25 males and 25 females in each group. 
They were placed in individual cages when 21 days old, and 
fed the experimental diets f60c, 61, 62, 63, 64, and stock) in 
weighed portions to provide 24 Cal. every second day. A few 
of the animals failed to consume their food and died within 
a day or 2 after transfer to the experimental cages ; these were 
replaced, but data from them were not included in the records 
reported here. 

The gains in weight on the different diets are presented in 
table 2. The standard errors of the mean weights range from 
± 1.0 to 1.5. The standard error of a difference between 2 
means would then be about ± 2.0. There is accordingly about 
1 chance in 100 that a difference in weight as great as 5 gm 
could arise by chance. If a difference of 5 gm is then taken 
as significant, we may say that diets containing fat permit 
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better growth on severely restricted calories than does diet 
60b, lacking in fat but containing adequate amounts of linoleic 
acid and the fat-soluble vitamins. The increase in weight is, 
of course, very small as compared with growth on the same 
diets fed ad libitum (Deuel et al., ’47). 

The mortality figures in table 2 represent the number of 
animals which died after 2 or more weeks on the experimental 
diets. It is remarkable that the greatest number of deaths 

TABLE 2 


Total average gains in weight (gm) of rats fed experimental diets at a level of 
12 cal. per day for 12 weeTcs after weaning. 


DI»T 

% 

FAT 

INITIAL 

WEIGHT 

GAIN- IN WEIGHT AFTER 

■T weeks 6 weeks 9 weeks 

12 weeks 

NO. 

OF DEATHS 





Males 




60c 

O' 

36.4 

3.2 

7.1 

10.1 

38.5 

4 

61 

5 

33.9 

6.1 

13.3 

14.9 

25.1 

8 

62 

30 

36.1 

5.9 

30.8 

12.0 

19.7 

5 

63 

20 

35.8 

7.1 

36.6 

35.7 

20.0 

4 

64 

40 

36.6 

6.7 

34.6 

16.7 

25.6 

3 

Stock 

14 

35.4 

5.6 

32.9 

13.7 

21.1. 

2 





Females 




60c 

O' 

36.4 

2.0 

4.7 

6.3 

15.3 

5 

61 

5 

36.1 

0.1 

4.7 

10..5 

20.9 

37 

62 

30 

34.3 

4.7 

8.9 

10.7 

19.5 

9 

63 

20 

36.1 

6,8 

11.3 

11.4 

21.0 

4 

64 

40 

35.1 

6.6 

11.0 

32.9 

21.7 

3 

Stock 

14 

36.8 

3.0 

9.9 

10.0 

16.5 

2 


' Contains 2.5% methyl linolate. 


occurred on diets 61 or 62, with less on diets 60c and 63, still 
less on 64, and the least on the stock diet. Most of the deaths 
occurred 3 to 4 weeks after the beginning of the experiment. 

Cottonseed oil, the fat used in these diets, contains about 
40% linoleic acid (Hilditch, ’40). Diets 60c and 61 therefore 
have approximately the same content of linoleic acid, but in 
the former it is present as the methyl ester, and in the latter 
as glycerides with other fatty acids. It is difficult to account 
for the observed mortality in the basis of this difference 
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in composition. Animals fed these diets ad libitum showed no 
mortality. 

It is possible that the observed mortality could have re- 
sulted from drafts in the animal room, since the animals on 
different diets were grouped in different racks of cages. 
However, the animals on 60c and 61 were in the same cage 
rack, and the room was small and ventilated by a forced air 
draft, so this explanation seems unlikely. Death in some cases 
was associated with pulmonary inflammation and hemorrhage 
from the nostrils. In other cases, these symptoms were absent. 

Recovery from the period of caloric resfriclion 

Weight. At the end of the 12-week period of restricted ca- 
loric intake, the animals were placed on ad libitum feeding 
on the same diets, except that diet 60c was replaced by 60b 
containing 1% methyl linolate instead of 2.5%. Record was 
kept of the weight of the males for 12 weeks, but females 
were weighed only for 3 weeks after transfer (fig. 1). After 
3 weeks, breeding tests were started with most of the fe- 
males, and the weights would consequently not have repre- 
sented merely growth changes. In general, the variations in 
weight between animals on different diets were small, but 
statistically significant differences (difference/standard error 
>2.5) were apparent between diet 60b containing no fat but 
with the addition of methyl linolate, and diets 62 to 64 con- 
taining 10 to 40% fat. Growth on the stock diet, with 14% 
fat was also inferior in some cases to growth on diets 62 to 
64, but this may perhaps in part be attributed to the lower 
protein content of the stock diet (protein 15% of stock diet, 
25 to 37% in diets 60 to 64). 

Moreover, rapid growth was still occurring during the 9- 
to 12-week period after ad libitum feeding was instituted in 
the rats receiving diets which contained 10% or more fat 
while it had practically stopped in the rats receiving the low- 
fat diets. The following increments of growth were noted 
for the 9- to 12- week period: 60b, 4.3 gm; 61, 6.6 gm; 62, 17,3 
gm; 63, 14.6 gm; 64, 27.1 gm and stock diet, 26.0 gm. 



588 


BHADLET T. 80HEEB AKD OTHERS 


Maturity of females. Regular observations were made to 
determine the time of opening of the vagina in the female rats 
as a criterion of sexual maturity. None of the females became 
mature during the 12- week period of restricted feeding; con- 
trols fed the same diets ad libitum matured within 3 to 6 weeks 
after weaning (Deuel et al., ’47). However, the vagina opened 
very shortly after transfer from restricted to ad libitum feed- 
ing. Maturity was evident earlier in rats fed the diets con- 
taining fat, as compared with the fat-free diet (table 3). 


280L 


BODY WT. IN 
I3MS1 



MALES 



FEMALES 


Fig. 1 The average body weight of weanling rats at start (lower blank space), 
after 12 weeks on restricted calories (solid black), after 3 weeks ad libitum 
(stippled), after 6 weeks ad libitum (lined), after 9 weeks ad libitum (upper 
stippled), and after 12 weeks (upiier blank space). The figures in the lower 
blank space are the diet numbers. 


TABLE 8 

Time (weeks) from transfer to ad libitum feeding to sexual maturity (opening of 
vagina) in female rats fed restricted amounts of diets varying in fat 
content for IS weeks after weaning. 


D1®T 

«hb 

61 

62 

63 

64 

STOCK 

Fat content in % 

0 

•5 

10 

20 

40 

14 

Time to maturity, 







in weeks 

2.1 


1.5 

l.I 

1.4 

1.2 


Reproductive performance of female rats recovering from a period of undernutrition 
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* Contains 1% methyl linolato. * N signifies males from stock colony. 
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Fertility and la)ctation. Breeding tests were initiated 5 to 6 
weeks after transfer to ad libitum feeding. Five females from 
each dietary group were mated with males from the same 
group ; litter mates were not mated. Five females from each 
group were also mated with males from the stock colony. 
In some instances, not enough females were available, and 
the number of matings was less than 10. The litters were not 
reduced in size after birth; they were weighed at 3 and 21 
days. By allowing the female to keep the full litter, we felt 
that this would offer a more critical test of the lactation 
capacity than in the first experiment (Deuel et al., ’47) where 
t)ie litters were reduced to 7. A mating was considered un- 
successful if pregnancy had not developed within 2 months. 
The results of these tests are summarized in table 4. 

Fertility was not greatly reduced except on the stock diet, 
and on diet 60b. Here only 3 out of 5, and 4 out of 6 matings, 
respectively, were successful when males from the same 
dietary group were used. When males from the stock colony 
(N) were used in 2 matings in each case, both were successful. 
It is regrettable that we were unable to make more matings 
with stock colony males, since it appears that the lowered 
fertility in these cases may be due to the males. The length 
of the period from the time at which the rats were placed 
together in the cage to the birth of the litter shows no con- 
sistent variations, except that the period was in general 
shorter when stock colony males were used. 

The number of animals per litter, and the weight of the 
litter at 3 and 21 days, shows an increase with increasing fat 
content of the diet. The greatest difference is that between 
diets 60b and 61 ; diets 63 and 64 appear to be superior to the 
others in supporting lactation. 

DISCUSSION 

The results of this study are in agreement with other work 
from this laboratory: the work capacity of rats (Scheer et al., 
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’47), growth on ad libitum feeding (Deuel et al., ’47), ability 
to withstand a prolonged period of undernutrition, growth 
during recovery from such a period, rate of s'exual develop- 
ment in females, fertility, and lactation performance, are all 
greater on diets containing liberal amounts of fat (10 to 40%) 
than on diets containing little or no fat (0 to 5%). The opti- 
mum fat level for growth appears to lie between 20 and 40% 
(Deuel et al., ’47), but there is some evidence that work ca- 
pacity (Scheer et al., ’47) and fertility are higher on diets 
containing 40% fat. It is interesting to compare the data 
on reproduction with those presented by Deuel et al. (’47) 
for litter mates of the animals of the present experiment, fed 
ad libitum. Particularly noteworthy is the difference in fer- 
tility on the fat-free diet; the animals on ad libitum feeding 
had no offspring while 75% of matings in the present experi- 
ment were successful. The litters produced by the females 
which had recovered from the period of restricted feeding 
were not smaller, and in some cases were larger than those 
produced by females fed ad libitum. 

SUMMAEY 

During a period of severely restricted feedings, weanling 
rats receiving isocaloric amounts of diets varying in fat con- 
tent grow better on diets containing fat than on a similar diet 
lacking fat. Mortality, from uncertain causes, was highest 
on the diet with 5% fat. During a recovery period of ad 
libitum feeding, growth, fertility, and lactation were better 
supported by diets with liberal amounts of fat than by a fat- 
free diet. 
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THE NET PROTEIN VALUE OF FOOD YEAST 
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The concept of net protein value was proposed by Mitchell 
and Carman (’24) to appraise, in a single figure, the value 
of a food as a source of dietary protein. Such a figure com- 
bines the biological value of the protein, its coefficient of 
digestibility, and also its original content of “conventional” 
or, so-called, crude protein — i.e., N X 6.25. 

Very few investigations are found in the literature dealing 
with the determination of the coefficient of digestibility and 
the biological value of yeast protein using the nitrogen 
metabolism technic proposed by Thomas ( ’09) and later de- 
veloped and adapted to growing rats by Mitchell ( ’24a, ’24b, 
’24c) and Mitchell and Carman (’26). This biological assay 
procedure is considered to give the most satisfactory picture 
of protein utilization by the body. Mitchell (’24b) fed an un- 
described type of yeast at a level of 5% protein in the diet 
and recorded a coefficient of digestibility of 77 and a biological 
value of 85.5. Still and Koch ( ’28) assayed a sample of dried 
bakers’ yeast and obtained a coefficient of digestibility of 
72.06 and a biological value of 25.2. Their diet contained 
38% yeast, which was equivalent to about 20% crude protein. 
No doubt the low biological value obtained for bakers’ yeast 
by Still and Koch was due, at least in part, to the high level of 
yeast protein in the diet. As no information was given in 
either of these studies, with respect to the protein (N X 6.25) 
content of the yeast samples investigated, it is impossible to 
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use these data to compute the respective net protein values. 
Recently, Hughes and Hauge (’45) determined the true 
digestible coeflScient and biological value of dried brewers’ 
yeast and reported values of 83 and 61, respectively. Their 
diet contained 10% protein (NX 6.25). The yeast used by 
them contained about 48.7% protein. The net protein value 
for brewers’ yeast, according to these figures, is 24.7. 

Since food yeast might become an important item in the diet 
of tropical countries the determination of the net protein value 
of this yeast appeared desirable. To obtain this value, the 
biological values and the true coefficient of digestibility of the 
different yeasts were investigated by the method of Mitchell 
and Carman (’26). Two samples of food yeast were used. One 
sample was obtained from the Microbiological Section of the 
Chemical Research Laboratories at Teddington, England 
(Tortda utilis no. 1084),^ and the other was produced at the 
pilot plant of the Puerto Rico Industrial Development Co. at 
Rio Piedras, Puerto Rico {Tortila utilis no. 3).® * In the case 
of the latter, Puerto Rican sugar cane molasses was used in 
the growing mash. For purposes of comparison, the’ net pro- 
tein value of a sample of dried brewers’ yeast* "was also 
determined. 


EXPERIMENTAL PROCEDURE 

In general, the technic recommended by Mitchell and Car- 
man (’26) has been followed. Ten male Wistar albino rats 
of about 50-60 gm body weight were used in each trial. 
Metabolism cages of the type described by Still and Koch 
(’28) were used. This type of cage permitted the accurate 
collection of urine and feces samples separately. The tests 
were of 10 days’ duration divided into 2 periods, a 3-day pre- 
liminary period, during which no samples were collected, and 
a 7-day experimental period during which urine and feces 

‘ Supplied through the courtesy of Dr. A. C. Thaysen. 

• Supplied through the courtesy of Mr. Baf aef Ferndndez-Garcla. 

• Strain no, 3 obtained from the stock cultures of 'the University of Wisconsin. 

• Fleischmann type 2019. 
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samples were collected daily. Ferric oxide was used as a feces 
marker for the accurate separation of these 2 periods. Body 
weights were taken at the beginning and at the end of each 
balance period. The food offered and residue left were 
accurately weighed in an analytical balance to determine the 
food consumed during the 7-day experimental period. The 
feces were collected daily and dried in an oven to constant 
weight at 100°C. The entire dried sample for the 7-day period 
was digested and aliquot samples taken for total nitrogen 
determination. For the accurate collection of all the voided 
urine, the cages were thoroughly washed daily with a hot 
0.5% sulfuric acid solution. The urine plus the washings were 
filtered into a 2-liter bottle and kept in the ice-box with xylol 
as preservative. At the end of the 7-day period, these samples 
were well mixed and diluted to volume. Aliquot portions were 
taken for total nitrogen determinations. All nitrogen deter- 
minations were made according to the Kjeldahl-Gunning- 
Arnold method in the Official and Tentative Methods of 
Analysis (’35). 

The 3 yeast diets were made to contain about 8% protein. 
In the initial and final standardizing periods, to determine the 
excretion of body nitrogen in feces and in urine, a dried, fat- 
free whole egg diet of about 4% protein was used. The experi- 
mental rations had the composition shown in table 1. 

To prevent the scattering of the diet from the food cups, 
enough cold, distilled water was added to the amount of ration 
previously weighed to obtain a soft paste. With very few 
exceptions, this procedure completely prevented the scattering 
and loss of food. 


RESULTS 

The results of the initial and final standardizing periods are 
given in table 2. The purpose of these periods was to deter- 
mine the excretion of the so-called “metabolic nitrogen” in 
the feces and the endogenous nitrogen in the urine, the former 
being dependent upon the dry matter consumed and the latter, 
upon the body weight of the rat. These factors differ some- 
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what in the 2 periods for each rat and in using them for the 
calculation of the biological values for the intermediate ex- 
perimental periods, they are assumed to change in a linear 
fashion from the initial to the final value determination. The 

TABLE 1 


Composition of diets. 


CONSTITUENTS 

STANDABD- 

IZTKG 

DIET 

DRIED FOOD YEAST 

T. utilm 

No. 1 084 No. 3 

DRIED 

BREWERS' 

YEAST 


% 

% 

% 

% 

Dried, ether -extracted whole egg 
Dried yeast 

6.15 

16.25 

15.78 

15.74 

Modified Osborne and Mendel salts 

3.00 

3.00 

3.00 

3.00 

Sucfose 

10.00 

10.00 

10.00 

10.00 

Sodium chloride 

1.00 

1.00 

1.00 

1.00 

Vegetable oil (Mazola) 

9.00 

9 00 

9.00 

9.00 

Cod liver oil 

1.00 

1.00 

1.00 

1.00 

Corn starch 

66.07 

56 75 

57.22 

57.26 

Cellu-flour 

3.00 

3 00 

3.00 

3.00 

Protein content 

4.31 

8.16 

8.19 

8.06 


^Synthetic vitamins added as supplement to each kilo of diet: thiamine, 2 mg; 
pyridoxine, 2 mg; riboflavin, 8 mg. 


TABLE 2 

Initial and final standardizing periods. Daily excretion of metabolic and 
endogencns nitrogen. 


BODY WXIOHT 
Initial Final 


FOOD 

INTAXB 


FXOAL 

NITBOOXM 


METABOLIC 
NITBOGXN 
IK FXCBS 
PER GM 
OF FOOD 


r BIN ARY 
NITBOGBK 


XKDOOENOV8 
KITROGRK 
IK URINE 
PER 100 GM 
WEIGHT 


gm gm gm mg mg mg mg 

Initial period; dried egg protein ration containing 0.74% N. 
Average of 


10 rats 

62.1 69.8 

5.9 

9.2 

1.6 

16.6 

25.3 

Standard 

deviation 

3.3 4.0 

0.4 

0.5 

0.2 

2.3 

5.5 

Final 

period: dried egg protein ration containing 0.69% N. 


Average of 

10 rats 

89.4 97.9 

6.2 

9.7 

1.5 

15.4 

16.5 

Standard 

deviation 

7.6 6.4 

.OJ 

0.4 

0.2 

2.2 

2.1 
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average excretion of metabolic nitrogen in the feces was 1.6 mg 
and 1.5 mg per gm of food consumed in the 2 periods. The 
endogenous nitrogen output in the urine per 100 gm body 
weight averaged 25.3 mg in the first standardizing period and 
16.5 mg, in the second. 


TABLE 8 

Nitrogen metabolism of rats on yeast rations, 
(Results expressed on the daily basis,) 



BODY WEIGHT 

FOOD 


NITROGEN 



Initial 

Final 

INTAKE 

Intake 

In feces 

In urine 


gm 

gm 

gm 

mg 

mg 

mg 


Dried 

food yeast 

(T. utilis) No. 

1084 ration 


Average of 

10 animals 

68.9 

68.9 

4.32 

61.6 

13.8 

42.7 

Standard 

deviation 

5.7 

4.5 

0.69 

10.0 

2.2 

7.1 


Dried food yeast (T, utilis) No. 3 ration 



Average of 

10 animals 

70.2 

69.0 

4.07 

58.1 

13.6 

43.0 

Standard 

deviation 

3.8 

5.4 

0.68 

10.1 

3.1 

5.2 



Dried brewers' yeast ration 



Average of 

10 animals 

75.1 

82.9 

5.71 

81.5 

20.6 

36.0 

Standard 

deviation 

6.8 

6.3 

0.60 

12.6 

2.5 

6.0 


All of the nitrogen metabolism data collected in the dif- 
ferent trials are assembled in table 3. The net protein values, 
digestion coefficients and biological values computed from 
these data are summarized in table 4. The method of calcu- 
lating the values has been fully explained by Mitchell ( ’24a, b) 
and by Mitchell and Carman (’26). 
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TABLE 4 

Coefficient of true digestibility ^ biological value and net protein value of the 
nitrogenous substances present in yeast. 


DRIED FOOD YEAST DRIED 

T. utilis BREWERS^ 

No. 1084 No 3 YEAST 


(a) % Protein (NX 6.25) in the 
yeast samples 

(b) Total fecal nitrogen ‘ 

(c) ^‘Metabolic nitrogen” in feces 

(d) Pood nitrogen in feces (b-c)* 

(e) Total nitrogen intake ' 

(f) Nitrogen absorbed (e-d)' 

(g) Total urinary nitrogen ' 

(h) Endogenous nitrogen in urine ‘ 

(i) Food nitrogen in urine (g-h)' 

(j) Pood nitrogen retained (f-i)* 

(k) Biological value: J- X 100 

(l) True digestibility 

coefficient: X 100 

(m) Net protein value (a X k X 1) 


49.25 

50.69 

50.81 

13.8 

13.6 

20.6 

6.6 

6.2 

8.8 

7.2 

7.4 

11.8 

61.6 

58.1 

81.5 

54.4 

50.7 

69.7 

42.7 

43.0 

36.0 

14.9 

15.3 

14.6 

27.8 

27.7 

21.4 

26.6 

23.0 

48.3 

48.8 

45.3 

69.3 

88.3 

87.3 

85.5 

21.2 

20.0 

30.1 


’ Kesults expressed in milligrams of nitrogen per day. Values are averages of 
10 animals. 


DISCUSSION 

The true coefficients of digestibility of the 3 yeasts investi- 
gated were computed by assessing the metabolic nitrogen in 
the feces. The true digestibilities thus obtained were as fol- 
lows : 85.5 for brewers ’ yeast, 88.3 for Torula yeast no. 1084, 
and 87.3 for Torula yeast no. 3. 

The nitrogen metabolism data indicate a much better utili- 
zation of the absorbed nitrogen derived from the brewers’ 
yeast than of that derived from either one of the Torula 
samples. The average biological values computed from these 
data were 69.3 for brewers’ yeast and 48.8 and 45.3, respec- 
tively, for the Torula samples no. 1084 and no. 3. This dif- 
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ference in biological value of the brewers’ and Torida yeast 
is noteworthy. It might be ascribed to several variable factors 
resulting from the difference in species, the nutrients used in 
growing these organisms and the methods of manufacturing. 
Some of these factors are the content of protein and non- 
protein nitrogen in the yeasts, the amino acid make-up of their 
individual proteins, the availability of these amino acids, etc. 
In regard to this last factor, it is well known that in the case 
of soy bean, heat treatment improves the nutritive value of 
the raw product by increasing the availability of cystine 
(Mitchell et al., ’45). Recently, Axtmayer (’46) has claimed 
that autoclaving improves the nutritive value of yeast. It 
has been known for some time that, although yeast protein 
contains about 2% methionine, apparently, this is not in a 
readily available form. Perhaps the processing to which a 
specific yeast is subjected during the recovery and drying 
operations in the factory may modify its final nutritive value. 

In considering the biological value of yeast protein (N X 
6.25), it should always be remembered that an appreciable 
amount of the yeast nitrogen (about 12 to 20%) is in the form 
of non-protein nitrogen. This should not constitute an argu- 
ment against evaluating yeast as a good source of protein 
because of its high net protein value. We have obtained a net 
protein value of 30.1 for brewers’ yeast, 21.2 for Torula yeast 
no. 1084 and 20.0 for Torula yeast no. 3. Even in the case of 
the food yeasts, with biological values below that of brewers’ 
yeast, the net protein values were the same or above those of 
other foods such as raw soy flour 21.4% (Mitchell et al., ’45), 
and rolled oats, navy beans, white flour and whole corn, which 
were 10.6, 6.0, 5.0 and 3.5%, respectively (Mitchell, ’27). This 
proves that food yeast ranks high as a source of dietary 
protein. 

SUMMAHT 

Using the nitrogen balance method, the protein values of 2 
samples of food yeast (Torula utilis) and one of brewers’ 
yeast were determined. The Torula yeasts, no. 1084 and no. 3, 
and the brewers’ yeast were found, respectively, to be 88.3, 
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87.3 and 85.5% digestible, to possess biological values of 
48.8, 45.3 and 69.3 and to have net protein values of 21.2, 20.0 
and 30.1. 

The 2 Tortda yeasts, the one from England, no. 1084, and 
the one from Puerto Bico, no. 3, have practically equal nutri- 
tive coefficients. The superior net protein value of the brewers’ 
yeast over that of the Torula samples is due exclusively to its 
higher biological value since the protein (NX 6.25) content 
and digestible coefficients of the 3 yeast samples are practically 
the same. 
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METABOLISM OF WOMEN DURING THE 
REPRODUCTIVE CYCLE 


XI, VITAMIN C IN DIETS, BREAST MILK, BLOOD AND URINE 
OP NURSING MOTHERS ^ 

BERTHA MUNK8, MILDRED KAUCHER, ELSIE Z. MOYER, 
MARY ELLEN HARRIS AND ICIE G. MACY 
^Research Laboratory, Children's Fund of Michigan, Detroit 

(Eeceived for publication January 30, 1947) 


As part of a comprehensive investigation of ' the vitamin 
and mineral composition of human milk and the metabolism 
of women during the reproductive cycle we have determined 
nursing mothers ’ intakes of vitamin C, their secretion of the 
vitamin in milk, excretion in the urine, and the amounts in 
the cord blood as well as the levels in the blood of both mother 
and child. Other investigations have not included analyses 
of 24-hour collections of food, milk, and urine during the 10 
days of the puerperium and at intervals during mature milk 
production, accompanied by determinations of vitamin C in 
the blood of the same subjects and their infants. The intake 
of vitamin C provided for the infant by his mother’s milk 
will be discussed in another paper. 


EXPERIMENTAL 

The subjects of the investigation were multiparas with 
medical records of good or excellent health and of having 
successfully nursed their other children. Every effort was 

' The investigation represented in part by this paper was partially supported 
by a grant from The Nutrition Foundation, Inc., and was made possible by the 
cooperation of Dr. J. P. Pratt, C^Jhief of the Department of Obstetrics, Dr. B. M. 
Hamil, Department of Pediatrics, Elizabeth Moran, Director of Nurses, and Annie 
Lou Wertz, dietitian, all of the Henry Ford Hospital, Detroit. 
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made to standardize any procedure involving controllable fac- 
tors. Vitamin C was determined by analysis of samples 
representing the total intake of vitamin-C-containing foods 
for 24-hour periods, thus obtaining quantitative estimations of 
the amounts ingested. Qualitatively the diets were similar 
for all women during all 5-day periods (Kaucher et ah, ’45, 
’46) ; however there were differences in consumption owing 
to variations in appetites and food composition. Analyses of 
complete 42-hour collections of milk and urine obtained during 
the first 10 days postpartum and during each day of 5-day 
periods at intervals during lactation avoided portrayal of 
diurnal changes in concentration in the results. In addition, 
vitamin C was determined in placental tissue (Pratt et al., ’46), 
in blood from the umbilical cord and in capillary blood ob- 
tained from both mother and infant on the first and tenth 
days after delivery, and the first and last days of 5-day periods 
of study. To obtain comparable data, the blood samples were 
taken from mother and child in the morning after expression 
of the milk but before breakfast. 

Analyses of food, milk and urine Were made by the method 
of Roe and Kuether ( ’43) ; of blood, by the method of Farmer 
and Abt (’36). Preceding publications have given details of 
selection of subjects (Macy, Williams, Pratt and Hamil, ’45), 
diet and procedures of sampling and preparation of food 
composites and milk (Kaucher et al., ’45), the method of 
manually expressing milk (Davies, ’45) and collection and 
analysis of urine (Roderuck, Williams and Macy, ’46). The 
concentration of vitamin C in immature and mature human 
milk has been presented (Munks et al., ’45). 

RESULTS 

The volumes of milk secreted and urine excreted by 4 women 
during each of the first 10 days postpartum, the intakes of 
vitamin C per day and the amounts of vitamin C in the imma- 
ture milk and in the urine for each day are given in table 1. 

Within each 5-day period there were wide variations from 
day to day in vitamin C intake, depending upon the kinds of 
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TABLE 1 


Vitamin C intake, secretion and excretion during first 10 days postpartum. 


SUBJECT 

INTERVAL 

VOLUME 


VITAMIN C 

POSTPARTUM 

Milk 

TTrine 

Intake 

Milk 

ferine 


days 

mX 

ml 

my 

mg 

mg 

V.K. 

1 

9 

3086 

148 


24.9 


2 

90 

3651 

112 


15.7 


3 

484 

2596 

77 

50 

13.4 


4 

547 

2427 

128 

54 

11.6 


5 

560 

2331 

83 

50 

12.4 


6 

663 

2249 

126 

60 

10.3 


7 

781 

3380 

115 

61 

8.3 


8 

775 

3840 

63 

70 

9.6 


9 

794 

3115 

176 

70 

9.8 


10 

797 

3328 

51 

61 

3.5 

V.L. 

1 

30 

1757 

138 

1 

23.9 


o 

56 

2686 

98 

4 

14.9 


3 

353 

2759 

86 

25 

11.4 


4 

794 

1823 

204 

50 

13.4 


5 

844 

1847 

98 

55 

14.1 


0 

955 

2710 

200 

63 

18.2 


7 

1047 

2841 

161 

69 

14.2 


8 

1098 

2066 

87 

76 

14.2 


9 

1118 

2151 

183 

73 

11.8 


10 

1200 

1669 

99 

83 

9.2 

J.M. 

1 

35 

2182 

216 

2 

8.9 


o 

385 

1386 

147 

23 

6.4 


3 

870 

1519 

96 

44 

8.2 


4 

1011 

1201 

201 

56 

6.5 


5 

1121 

1283 

114 

62 

8.5 


6 

1125 

1172 

169 

51 

4.7 


7 

1287 

1161 

151 

75 

6 4 


8 

1136 

1520 

92 

55 

6.6 


9 

1258 


254 

83 



10 

1336 

1553 

59 

87 

7.5 

V.S. 

1 

6 

1869 

204 


34.7 


2 

92 

1874 

98 

8 

24.9 


3 

420 

2887 

98 

37 

28.2 


4 

000 

2063 

207 

49 

35.4 


5 

697 

2065 

112 

54 

26.4 


6 

756 

1502 

156 

54 

22.8 


7 

818 

2524 

154 

65 

22.0 


8 

837 

2237 

98 

67 

20.9 


9 

932 

1984 

196 

76 

19.2 


10 

924 

2287 

89 

65 

15.0 
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foods included in the diet for the different days. The lowest 
vitamin C intake for any day was 51 mg, the highest was 254 
mg. The average daily consumption for the 10 days was 134 
mg, an amount lower than the 150 mg recommended by the 
Food and Nutrition Board of the National Eesearch Council 
(’45). However, it is important in evaluating the data on 
vitamin C to remember that the values represent intakes de- 
termined by analysis of food as eaten, by 1 method of deter- 
mination, whereas the Recommended Allowances are based 
upon data obtained by various analytical methods and were 
planned to include ample amounts as “safety factors.’’ 

It is evident that the amounts of vitamin C secreted in the 
milk each day were not related to the daily fluctuations in 
intake, but paralleled the increased production of milk, sec- 
ondarily influenced by the slightly augmented ascorbic acid 
concentration (Munks et al., ’45). The high excretions of vita- 
min C in the urine by 3 of the mothers after delivery, followed 
by decreases of 50% or more within the first 10 days post- 
partum, parallel the decreased urinary excretions of vitamin 
C reported for newborn infants (Hamil et al., ’47) and support 
the belief that the tissues of both mother and fetus require 
greater concentrations of vitamin C for saturation during 
pregnancy than during lactation. 

Subject V.S., who had been taking 100 mg of ascorbic acid 
I)er day throughout pregnancy, in addition to an excellent diet 
and supplements of other vitamins (Roderuck, Williams and 
Macy, ’46; Roderuck, Coryell, Williams and Macy, ’46) se- 
creted milk with the highest concentration of vitamin 0 each 
day of the puerperium and also excreted greater amounts in 
urine (15.0 to 35.4 mg) than did any of the other women. 
Subject J.M., whose milk flow was established more rapidly 
than that of the other 3 women and reached the highest level 
during the first 10 days, excreted much less vitamin C in urine 
during the first few days after delivery, but continued to 
excrete at approximately the same level regardless of the 
increased secretion in milk. 
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Despite the similarity of the women ’s average daily intakes 
during each 5-day period and the relationship between volume 
of milk produced and its vitamin C content, the data in table 1 
do not indicate a relationship between volume of milk 
or its vitamin C content and excretion of the vitamin in 
urine. Nor was urine volume a factor in excretion of 
vitamin C, which ranged from 3.5 rng in 3328 ml to 35 mg 
in 1869 ml of urine. Several possibilities are suggested 
by the urine values. If the level of tissue saturation re- 
quired during lactation is lower than that demanded by 
pregnancy, the decline of over 50% in the daily excretion of 
vitamin C by 3 women during the first 10 days postpartum 
may represent an “unloading” from the maternal tissues. 
If this is true it would indicate that the tissues of subject J.M. 
had not been saturated during the prepartum period or that 
the amount which she might have “unloaded” after delivery 
was expended during labor and childbirth. That the woman's 
prepartum nutritional status was not poor is evidenced by 
the medical records, by her quick establishment of lactation, 
and the secretion in milk of greater amounts of vitamin C 
per day than any other woman. The fact that J.M. maintained 
a level of excretion in urine ranging from 5 to 9 mg of vitamin 
0 per day also indicates that the decreased excretions by the 
other women are not attributable to the demands of increased 
milk production. The possibility that J.M. was excreting 
re(i|uired minimal amounts in urine is doubtful because the 
urinary vitamin 0 of V.K. and V.L. declined to comparable 
levels by thejenth day postpartum. 

The vitamin (1 contents of the serum of the cord blood and 
the blood of mother and infant, shown in table 2, contribute 
additional information on the utilization of the vitamin. 
Except for subject L.F., the cord blood of all women had a 
greater concentration of vitamin C than did blood taken from 
mothers and infants on the first day postpartum. In all but 
one instance (J.M.) blood vitamin C levels for both mother 
and child were lower on the tenth than on the first day post- 
partum, and the levels in the infant’s blood were as high or 
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higher than those in their mothers’ blood. The cord blood 
values ranged from 0.4 to 2.2 mg vitamin C per 100 ml. The 
infant blood contained 0.2 to 2.2 mg and the maternal blood 
from 0.2 to 1.4 mg per 100 ml during the first 24 hours post- 
partum. These values are within the range given by other 
workers. On the tenth day postpartum the infant and ma- 
ternal vitamin C blood serum concentration ranged from 0.4 

TABLE 2 

Blood serum vitamin C during the first 10 days postpartum, (mg/100 ml.) 


SUBJECT 

CORD 

INTERVAL 

POSTPARTUM 

MOTHER 

CHILD 



days 



V.K. 

1.3 

1 

0.6 

1.0 



10 

0.4 

0.8 

V.L. 

2.2 

1 

0.6 

0.7 



10 

0.4 

0.4 

J.M. 

0.4' 

1 

0.2 

0.2 



10 

0.1 

0.5 

V.S. 

1.5 

1 

0.3 

1.0 



10 

0.3 

0.6 

L.F. 

1.6 

1 

1.4 

2.2 



10 

0.8 

1.0 

V.G. 


1 

1.3 

2.2 



10 

0.6 

1.2 

C.O. 

1.5 

1 

0.7 




10 

0.1 

0.4 


' Placental. 


to 1.9 mg and from 0.1 to 0.8 mg, respectively. The values for 
cord, mothers’ and infants’ blood were within the ranges, 
respectively, found for 24 other healthy mothers and their 
infants during the first week of life (Hamil et al., ’47). 

The values in tables 1 and 2, supported by the values pre- 
sented earlier (Hamil et al., ’47) for vitamin C in cord and 
maternal blood during the first week postpartum, emphasize 
the ineonclusiveness of determinations of vitamin C levels in 
either blood or urine, or both, as an index of nutritional status 
with respect to vitamin C during lactation. Among women 
receiving diets undoubtedly superior to those of most mothers 
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during the puerperium, with appetite-iniiibiting facto-rs elimi- 
nated (coffee, tea, candy, etc.), vitamin C in the maternal blood 
and urine may he at levels generally considered to indicate 
scurvy (J.M.), yet not interfere with secretion of large 
volumes of milk containing ample amounts of the vitamin. 
Levels of vitamin V- in the blood may also be low in subjects 
known to have been “saturated” before delivery (V.S.) al- 
though large amounts are being excreted in the urine. Recent 
work indicates that the ascorbic acid content of the white 
blood cells parallels the retention and may be a reliable index 
of total body concentration of ascorbic acid (Lowry et al., ’47) 
in normal adults. Whether similar results would be obtained 
with nursing mothers is not known. 

The variations in the vitamin C contents of milk, blood, and 
urine from Jiealthy mothers receiving excellent diets contain- 
ing 51 to 254 mg of vitamin 0 per day, determined under con- 
ditions as closely controlled as possible, indicate a wide range 
of normal, individual physiologic differences. Data obtained 
under the conditions of the study are not comparable to those 
procured Avith subjects receiving low intakes of Autamin C 
from inferior diets or high intakes from supplemental sources ; 
nor can they be compared closely with results obtained with 
non-lactating Avomen or those obtained AAuth dietaiy intakes 
calculated from tables of food values. Further research is 
needed to clarify the influences exerted by tbe many factors 
iiiA’olved in the vitamin 0 metabolism of pregnant and nursing 
AAmmeu. Among these are the possibility of fetal synthesis 
of the vitamin, physiologic adjustment of the maternal body 
from conditions of pregnancy to those of lactation, including 
possible reorganization of the glands of internal secretion, the 
leA’cl of requirement for the vitamins as opposed to maximum 
level of storage (saturation), and differences in the require- 
ments before pregnancy, during gestation, and the lactation 
period. 

The intakes of vitamin (’ by 6 AA'omeu’ during 1.3 5-day 
periods in which they AA’ere secreting mature milk, are given in 
table 3, AA-ith the volumes of milk secreted and urine excreted 
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TABLE 3 

Daily vitamin C intakeSy secretion in mature milk and excretion in urine. 


SUBJECT 

INTERVAL 

POSTPARTUM 

VOLUME 


VITAMIN 0 



Daily total 


Milk 

Urine 

Intake 

Milk 

Urine 


days 

ml 

ml 

mg 

mg 

mg 

V.G. 

78 

683 

1663 

178 

36 

4.8 


79 

846 

1359 

112 

44 

4.3 


80 

923 

1419 

70 

51 

5.4 


81 

874 

844 

194 

52 

6.5 


82 

913 

1120 

86 

49 

6.2 


161 

759 

989 

94 

39 

5.4 


162 

848 

801 

118 

43 

7.3 


163 

912 

813 

75 

46 

5.8 


164 

985 

1005 

130 

46 

8.2 


165 

1000 

1359 

108 

51 

2.0 


239 

610 

853 

136 

48 

61.2 


240 

624 

731 

112 

48 

34.5 


241 

661 

736 

84 

50 

43.2 


242 

738 

958 

104 

41 

47.5 


243 

772 

770 

72 

54 

33.4 


302 

414 

1350 

189 


39.2 


303 

389 

1068 

140 

30 

33.4 


304 

383 

949 

120 

30 

30.3 


305 

389 

1099 

171 

30 

42.0 


306 

394 

933 

96 

27 

23.0 

V.K. 

95 

544 

3072 

115 

36 

10.6 


96 

615 

3443 

106 

39 

11.2 


97 

701 

'2587 

91 

45 

6.9 


98 

691 

3206 

139 

44 

10.4 


99 

684 

1710 

61 

44 

8.3 


144 

272 

2739 

132 

22 

12.8 


145 

315 

1286 

136 

26 

11.5 


146 

343 

1476 

180 

29 

13.3 


147 

323 

827 

155 

25 

13.5 


148 

372 

907 

121 

28 

10.6 

V.L. 

68 

736 

3408 

180 

49 

10.4 


69 

743 

4154 

140 

46 

11.8 


70 

802 

2838 

195 

53 

12.8 


71 

833 

1903 

175 

49 

6.8 


72 

829 

1940 

120 

51 

10.5 
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TABLE 3 (continued) 


SUBJECT 

INTERVAL 

POSTPARTUM 

VOLUME 

• VITAMIN C 



Daily total 


Milk 

Urine 

Intake 

Milk 

Urine 


day ft 

ml 

ml 

mff 

mg 

mg 

V.L. 

152 

684 

2457 

227 

47 

68.9 


153 

671 

1970 

145 

43 ' 

26,9 


154 

673 

1637 

105 

43 

23.9 


155 

686 

1484 

218 

44 

46.8 


156 

686 

1232 

85 

39 

17.2 

J.M. 

75 

598 

2517 

153 

27 

6.3 


76 

677 

2081 

110 

29 

6.4 


77 

740 

2155 

171 

29 

0 0 


78 

742 

2646 

157 

34 

7.6 


79 

783 

1925 

100 

38 

4.0 


173 

205 

2993 

183 

12 

5.0 


174 

231 

1922 

156 

13 

3.6 


175 

296 

2089 

79 

16 

4.0 


176 

301 

1169 

129 

16 

4.2 


177 

309 

1841 

108 

15 

5.1 

B.R. 

204 

864 

1630 

158 

32 

6.0 


205 

927 

1350 

133 

35 

7.2 


206 

918 

1231 

79 

37 

6.3 


207 

938 

1219 

200 

41 

6.2 


208 

918 

1352 

78 

40 

5.9 


259 

734 

1665 

146 

37 

7 6 


260 

612 

1299 

95 

29 

70 


261 

631 

1037 

76 

30 

7.7 


262 

725 

979 

166 

34 

4.8 


263 

678 

1113 

89 

36 

7.8 

V.S. 

70 

234 

1897 

315 

23 

141.3 


71 

276 

1846 

202 

29 

78.4 


72 

334 

2308 

200 

31 

75.1 


73 

315 

1938 

275 

30 

118.3 


74 

361 

1269 

148 

32 

48.7 


per 24 hours and their contents of the vitamin. During 10 of 
the periods the mothers’ volumes of milk were increased 54 
to 241 ml per day as the result of regular and complete empty- 
ing of the breasts by manual expression (Macy, Hunscher, 
Donelson and Nims, ’30). Also for some of the women there 
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was an improvement of diet during the experimental periods. 
Although the diets for all 5-day periods were comparable, qual- 
itatively, and appetites were satisfied by proportionate adjust- 
ment of all foods except milk, the vitamin C intakes as 
determined by analysis varied greatly owing to differences 
in concentration of the vitamin in the same foods. For example, 
V.L., J.M., and V.S. received diets of equal amounts, re- 
spectively, of the same foods (table 3). Calculated from the 
literature their average daily intakes of vitamin C during the 
5-day periods ranged from 166 to 169 mg. The analyses for 
the different intervals of study averaged from 131 to 228 mg 
per day. 

There were large differences in the vitamin C intakes for 
the 5 days of each study period owing to inclusion of foods 
with high contents of the vitamin in some of the menus. 
However, the concentration of vitamin C in mature milk 
was quite constant, averaging 5 mg per 100 ml (Munks et al., 
’45), and in general the daily secretion of the vitamin par- 
alleled changes in milk volume. Although for the well- 
nourished mothers no direct relationship was found between 
the variable vitamin C intakes and the amount secreted in the 
24-hour collections of milk, other work has shown vitamin C 
secretion to be generally dependent on diet (King, ’38; Smith, 
’38; Escudero and Pierangeli, ’43). Escurdero and Pierangeli 
have reported that with an intake of approximately 70 mg 
vitamin C per day from food during the last month of preg- 
nancy and the colostral period, the colostrum averaged 2.2 mg 
% vitamin C. Women receiving 240 mg produced colostrum 
containing 5.5 mg per 100 ml. Selleg and King ( ’36) found that 
the relatively slow and limited rise in C value when patients 
received a special orange juice supplement provides an indica- 
tion of a maxiinum and approximately optimum level of 
secretion, above which an excessive dietary intake results 
chiefly in a rapid urinary excretion without disturbing the 
lactation level. Such results emphasize the ample provision 
of vitamin 0 by the diets eaten by the nursing mothers in this 
study. 
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Levels of excretion in the 24-hour collection of urine were 
not related to differences in level of intake among the women 
of this study, nor to the vitamin C secretion in milk, again 
indicating that individual characteristics conditioned by prior 
nutritional status with respect to the vitamin were the major 
controlling factors. It has been shown that in addition to 
tissue saturation excretion of vitamin C in urine may be in- 
fluenced by the individual’s kidney threshold for the vitamin 
(Faulkner and Taylor, ’38), by the fluid intake, and by 
environmental temperature and humidity (Shields and co- 
workers, ’46) all of which were beyond the control of the 
present study. It is likely that other individual characteristics 
are involved, so it is not surprising to find wide variations 
in the urinary vitamin C among individuals and for the same 
individual at different times during lactation. 

The concentrations of vitamin C in the blood serum of 
both the mothers and infants during the 5-day periods of 
mature milk production are given in table 4. The average 
values correspond for all determinations on mothers’ blood 
during mature milk secretion (0.45 mg) and during the first 
30 days postjmrturn (0.56), and the distributions are similar. 
The average of the values for the breast-fed infants when 2 
to 10 months old (1.1 mg) approximates that for the first 10 
days postpartum (1.0 mg). Fourteen of the samples from the 
mothers were obtained on the first days of study periods; 
5 were obtained after tlie women had received the study diet 
for 5 days. Tlie values for all 5 were the same or higher than 
those of the first days of study, respectively, attesting the 
adequacy of the study diet and perhaps indicating its super- 
iority over their usual food intakes. However, this conclusion 
is precluded by the secretions in milk, the levels in the infants ’ 
blood, and by the excretions in the urine, especially those of 
V.S. who had been ingesting 100 mg of ascorbic acid per day 
with a good diet, prior to the study, who secreted milk with 
the highest concentration of the vitamin (10 mg per 100 ml), 
yet whose blood level on the first day (0.1 mg) was lower than 
any other value obtained and increased during the 5 days with 
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an intake undoubtedly lower than that of her previous sup- 
plemented diet. 

It is evident that milk secretion requires that the requisite 
substances be supplied throuj^h the blood, either from the 
products of digestion or from the tissues. The best estimates 

TABLE 4 

Blood serum vitamin C during mature milk secretion, (mg/ 100 ml.) 


SUBJECT 

INTERVAL 

POSTPARTUM 

MOTHER 

CHILD 


days 



V . G . 

78 

0.3 

o.r> 


161 

0.2 

1.7 


239 

0.6 

0.8 


244' 

1.0 



302 

0.2 

1.1 


o 

CO 

0.6 


V . K . 

95 

0.8 

3.0 


144 

0.7 

0.9 

V . L . 

68 

0.3 

1.5 


162 

0.8 

1.4 


157' 

0.8 


J . M . 

75 

0.2 

0.7 


172 

0.2 

0 6 


177' 

0.6 


B . S . 

85 

0.2 

1.0 


204 

0.2 

0.8 


259 

0.4 

0.6 

V .8. 

70 

0.1 

0.8 


75' 

0.4 



' After receiving study diet for 5 days. 


are that 400 to 500 volumes of blood are required to produce 
1 volume of milk (Kay, ’45). Obviously,- withdrawal from the 
blood parallels the rate of secretion, which is determined by 
the fullness of the gland. It is likely that, for vitamin C at 
least, the blood level is more easily replenished from the supply 
provided by food than by mobilization from body stores. 
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Whether the level of the vitamin in the blood of nursing 
mothers changes rapidly in response to emptying of the breasts 
and also varies in relation to the intervals between meals is 
being investigated. 

The net gain or loss of vitamin C to the body, estimated by 
subtraction of the values for urine and milk from the intakes, 
indicates the amount of the vitamin used in metabolism and 
stored in the tissues, or the deficit which has been withdrawn 
from the tissues. The quantity of vitamin C excreted through 
the skin would seem inappreciable, since recent work has 
shown that at comfortable temperatures the loss may amount 
to 0.8 mg daily and even under conditions of induced profuse 
sweating the quantity is only 2.7 mg per day (Shields, et ah, 
’46). In the 10-day puerperium the total quantities of vitamin 
C consumed by V.K., V.L., J.M., and V.S. were 1079, 1354, 
1499 and 1412 mg, respectively (table 1). During the same 
period the women secreted into their milk, totals of 476, 499, 
538 and 475 mg of vitamin C. Their urine contained 120, 145, 
64 and 250 mg, leaving for metabolic function and tissue stor- 
age 483, 710, 897 and 687 mg, respectively. There were wide 
individual variations among these 4 women as shown by the 
range of 113 to 205 mg per day which was unaccounted for 
immediately following recovery from the trauma of labor and 
delivery, about twice the 25 to 50 mg daily observed in persons 
in a state of saturation (King, ’38). It is conceivable that 
during this recuperation period there are appreciable changes 
in the acid-base equilibrium of the body. This is supported 
by evidence that the quantity of vitamin excreted in the urine 
may be varied merely by changing the acid-base balance of the 
food intakes (Hawley and co-workers, ’36). 

Twenty-seven of 64 daily determinations with women se- 
creting mature milk showed more than 90 mg per day unac- 
counted for on days when the intakes were high (table 3), 
which indicates, perhaps, that the mothers were not saturated 
and the amount was dependent on the intake. The greatest 
amount unaccounted for was 166 mg per day, opposed to a 
loss of 15.4 mg per day from the mother’s tissue stores. During 
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a 5-day study in the eighth mouth postpartum, V.Q-. had an 
average intake of 101.6 mg vitamin C and a secretion of 
48.2 mg in the milk. These values are similar to those of the 
same woman when studied at 3 and 6 months, yet the ex- 
cretion of vitamin C in the urine was 44 mg per day, over 
8 times the average excretion during the earlier studies 
and leaving only 9.4 mg vitamin C per day unaccounted for. 
The blood serum vitamin C concentration was 0.6% on the 
first day of the study and increased to 1.0 mg % on the fifth 
day of the study (table 4). If the daily body requirement 
for vitamin C is 50 to 100 mg per day or if the mother’s indis- 
pensable minimum requirement was 25 mg per day (King, ’38) 
it is difficult to understand why she excreted an average of 44 
mg vitamin C per day through the kidneys, unless she pre- 
viously had a high vitamin C intake which continued to be 
excreted even after the intake was lowered. This phenomenon 
has been demonstrated by Harris, Ray and Ward ( ’33), Harris 
and Ray (’35) and Hess and Benjamin (’34), who found the 
urinary output to depend on both the immediate vitamin C 
intake and also on the post-nutritional history or state of 
“saturation.” 

When studied during the tenth month of lactation the same 
woman’s average intake was 143.2 mg per day. The vitamin 
C excreted in the milk had dropped almost one-half, 29.2 mg 
per day, owing to decrea.sed volume. Her urine excretion, 
33.6 mg per day, still was higher than during the third and 
sixth months. The vitamin C unaccounted for had returned 
to the former range of 80 mg average per day. The need for 
this increased retention was shown by the blood serum con- 
centration which was only 0.2 mg per 100 ml at the beginning 
of the study but increased to 0.6 by the fifth day (table 4). 

A similar saturation was demonstrated by V.L. during her 
third and sixth months postpartum. The average intakes of 
vitamin C were 162 and 156 mg, secretion in the milk amounted 
to 49.6 and 43.2 mg, and the urine excretion averaged 10.5 
and 36.7 mg of vitamin C per day, respectively. At the begin- 
ning of the study at 3 months the blood serum level was 0.3 mg 
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per 100 ml but at the beginning of the 5-day study at 6 months, 
when she was throwing off greater amounts of vitamin C in 
urine, her blood level was 0.8 mg of vitamin C per 100 ml. 
Large vitamin C excretions may occur even when the blood 
serum vitamin C is low, if the dietary intake is high. For 
example, V.S. in the third month of lactation excreted 92.4 mg 
of vitamin G per day, yet she had a blood serum level of only 
0.1 mg % vitamin C on the first day of the study. Her average 
dietary intake was 228.0 mg vitamin C over the 5-day period 
and was the highest average intake during any 5-day study. 

The amount of vitamin C which appears in the urine is also 
affected by the way in which the daily intake is distributed 
within the 24 hours. Widenbauer and Kiihner (’37) and Ralli, 
Friedman and Sherry (’39) have emphasized the importance 
of dividing the intake into small doses throughout the day. 
Todhunter and Robbins (’40) have estimated the minimum 
daily intake of vitamin C required to maintain the tissues in a 
state of complete saturation to be 1.6 to 1.7 mg per kg of body 
weight per day for college women. Ralli, Friedman and Sherry 
(’39) concluded from their experiments that 100 mg per day 
be suggested as the requirement of women for saturation. 
With the exception of a woman who weighed 73.5 kg, the daily 
requirement of the lactating women in this study would have 
been 100 mg per day or less by this criterion. If one adds 
the amounts of vitamin C secreted in milk to the amounts 
calculated from their weights to be the mother ’s requirements, 
one obtains an estimated daily requirement for lactating 
women ranging from 106.8 to 174.1 mg of \dtamin C per day. 
During the first 10 days postpartum the vitamin C intakes of 
2 women met the estimated dietary requirement. For the 
woman who weighed 73.5 kg the estimated requirement was 
greater than the average daily intake during the first IT) days 
postpartum. During the third month of lactation the diet 
supplied this theoretical requirement for saturation in 3 of 
5 women. 

One of the lowest blood values, 0.1 mg vitamin C per 100 ml, 
was recorded for a woman who secreted the highest concentra- 
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tion of vitamin C in milk, 10 mg per 100 ml. Other women 
having blood serum values up to 0.8 mg per 100 ml did not 
secrete as great concentrations of vitamin C in the milk. 
One, V.G., was known to secrete over 7 mg per 100 ml in her 
milk when her blood serum vitamin C ranged anywhere from 
0.2 to 1.3 mg per 100 ml. These data confirm the observation 
of Ingalls, Draper and Teel (’38) that there is no direct cor- 
relation between the blood serum vitamin 0 and the concen- 
tration in the milk. However, they state that “the fact that 
mothers on a diet relatively low in vitamin C will secrete 
in the milk amounts of ascorbic acid so large that the ascorbic 
acid content of the infant’s plasma is higher than that of the 
mother’s is indicative of an interesting biologic mechanism 
whereby the child receives the vitamin at the expense of its 
mother.” For the lactating mother and the breast-fed infant 
vitamin C levels in the blood, as well as in urine, may be closely 
correlated with eating time. Tn this study blood samples were 
taken following collection of milk and urine at 6 :00 a. m. It 
is possible that the low values for the mother’s blood were the 
result of the demands for milk production during the pre- 
ceding 12 hours of fasting. If this is correct then the supply 
in the blood would be replenished immediately after eating 
breakfast and the low fasting values would not indicate that 
the child receives vitamin C “at the expense of the mother.” 

Until requirements can be more clearly distinguished from 
‘ ‘ storage ” or “ saturation, ” it is obvious that for the physician 
nutrition during the nursing period is a problem similar to 
that stated for pregnancy by Lund ( ’45) : “ . . . the prob- 
lem is the dietary needs of each patient. She is not to be 
treated according to the nutritional standards of any other 
person or groups of persons. She is an individual problem 
and it is the physician ’s duty to take a short, accurate dietary 
history and to see that he or some other qualified person 
explains to her the dietary problems of pregnancy.” From 
the present study it seems that the Recommended Dietary 
Allowances (’45) of the Food and Nutrition Board of the 
National Research Council provide for adequate amounts of 
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vitamin C to meet normal requirements during lactation and 
prevent depletion of body stores, provided during pregnancy 
the nutritional status of the mother has been adequate with 
respect to the vitamin. 


SUMMARY 

Vitamin C was determined by analysis in the food as eaten 
each day by healthy nursing mothers and in 24-hour collections 
of their milk and urine during the first 10 days postpartum 
and 5-day periods at intervals later in lactation. In addition, 
vitamin C was determined in blood from the umbilical cord 
and in fasting samples of capillary blood from the mothers 
and infants. 

The amounts of vitamin 0 secreted in milk paralleled the 
increases in milk volume, while vitamin 0 excretion in the 
urine was high after delivery and for 3 or 4 mothers decreased 
50% or more by the tenth day. No relationships between vol- 
ume of milk or its vitamin 0 content and excretion in the urine 
were indicated. 

During the periods of secretion of mature milk, the amounts 
of vitamin 0 in the milk, in general, paralleled milk volume. 
For the mothers studied, whose nutritional status had been 
good during jnegnancy, no relationship was found between 
vitamin C intake and secretion in milk. Excretion in urine 
was not related to level of intake or secretion in milk. 

Extreme anatomic and physiologic variability among indi- 
viduals and in the same individual at different times is em- 
phasized by the results. The data indicate also the inconclu- 
siveness of determinations of vitamin 0 levels in milk, urine 
or fasting blood samples as an index of vitamin C nutritional 
status of lactating women receiving good diets. The need for 
further research on the physiologic influences exerted by 
lactation and pregnancy on vitamin 0 metabolism is stressed. 
These include adjustment of the maternal body from preg- 
nancy to lactation, including the glands of internal secretion, 
the level of requirement as opposed to maximum level of 
storage, and differences in requirements before pregnancy. 
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during gestation, and during lactation. On the basis of the 
data presented it seems that the Recommended Dietary Al- 
lowances provide for adequate amounts of vitamin C to meet 
normal requirements during lactation, provided the prenatal 
nutritional status of the mother has been satisfactory. 
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A preceding paper (Munks, Kaucher, Moyer, Harris and 
Macy, ’47) reported analyses for vitamin C in the food in- 
takes, milk, urine and blood of healthy mothers, and in the 
blood of their infants at various periods during lactation. 
The results demonstrated the wide variations in vitamin C 
metabolism among normal lactating women and the unreli- 
ability of levels of the vitamin in the blood and urine as an 
index of nutritional status with respect to the vitamin. Intakes 
comparable with the Recommended Allowances (’45) of the 
Food and Nutrition Board, from good diets of natural foods, 
were shown to be ample in meeting the health requirements of 
mothers while they were nursing their infants, although urine 
excretion of vitamin was extremely variable and fasting 
blood levels were frequently as low as those considered to 
indicate scurvy in non-pregnant, non-lactating women. To ex- 
tend the information concerning vitamin C metabolism in' 
nursing mothers, the milk, urine and blood of the same sub- 
jects and the blood of their infants were analyzed after 6 to 
14 days during which the women received supplemental 
amounts of ascorbic acid and other synthetic vitamins in 

' The investigation represented in part by this paper was partially supported 
by a grant from the Nutrition Foundation, Inc. 


621 



622 


J. P. PRATT AND OTHERS 


addition to good diets. These data may be compared with the 
average values for the same subjects during 5-day periods 
of known intake immediately preceding the interval of sup- 
plement (Munks, et ah, ’47). 

PROCEDTTHE 

During 13 periods of 5 consecutive days for 6 healthy 
mothers who were successfully nursing their infants, vitamin 
C was determined in 24-hour collections of food, as eaten, 
urine and milk. Blood levels of vitamin C were determined 
for both the mothers and their infants. For 6 to 14 days 
immediately following the 5-day periods the mothers received 
750 mg of ascorbic acid, 50,000 U.S.P. units of vitamin A, 
12 mg of thiamine chloride, 15 mg of riboflavin and 120 mg 
of niacin.^ To distribute the intake of the vitamins over the 
day (Ralli, Friedman and Sherry, ’39) the supplement of the 
water-soluble vitamins was given in 3 equal capsules, 1 with 
each meal. For the last day of the supplemented diet all milk 
and urine was collected and a fasting blood sample from the 
mother, after expression of the milk at 6 a.m., and a blood 
sample from the infant were obtained at the end of the 24 
hours. 

Analyses of food, milk and urine for vitamin C were made 
by the Roe and Keuther method (’43) and of the blood by 
the method outlined by Farmer and Abt (’36). Details of 
the selection of subjects (Macy et al., ’45), diets (Kaucher, 
Moyer, Williams and Macy, ’46), the methods of manually 
expressing the milk (Davies, ’45) and procedures of collecting 
the food composites, milk and urine (Kaucher, Moyer, 
’Richards, Williams, Wertz and Macy, ’45) are given else- 
where. The concentration of vitamin C in colostrum and 
mature breast milk (Munks et al., ’45) and the nutritional 
state of the nursing mothers with respect to vitamin C (Munks 
and coworkers, ’47) have been recorded. 

• The amounts of the vitamins given as supplements were less than therapeutic 
dosages, defined as 10 times the daily requirements, respectively. 



ASCORBIC ACID SUPPLEMENTS 


623 


RESULTS 

Table 1 presents the average daily values for vitamin C in 
the food, breast milk and urine during the 5-day control 
periods and the results of analyses of 24-hour samples col- 
lected on the last day of supplementation of the diet with 
750 mg of ascorbic acid. 

The concentration of vitamin C in the milk was in some 
instances more than doubled and was lowered only for 1 
study (V.G.) although several of the daily values were less 
after supplement, owing to the smaller volumes of milk se- 
creted. However, the average concentration was increased 
only 2 mg, from 6 to 8 mg per 100 ml. The largest amount of 
vitamin C secreted per day after supplementation with 750 mg 
per day was 76 mg by V.G. during her third month of lactation. 
During the control studies the mothers, weighing from 55 to 
73 kg, were eating daily diets which by analysis contained 
averages of 102 to 228 mg vitamin C, although by calculation 
from tables of food composition the vitamin C contents of 
the diets ranged from 132 to 169 mg per day. 

Although there may be an upper limit to the concentration 
of vitamin C an individual woman can secrete in her milk, 
the limit does not seem to be the same for every individual. 
The highest value, 12.4 mg per 100 ml, was found in the milk 
of a woman (V.S.) in whom lactation was almost terminated. 
However, before the supplement was taken this woman was 
secreting milk containing 9.5 mg per 100 ml. Another woman 
secreted 10.1 and 10.5 mg per 100 ml, respectively, after sup- 
plementation in the third and sixth months of lactation, 
although during the control period her milk contained only 
4.4 and 5.3 mg per 100 ml, respectively. After 4 supplementa- 
tion periods at least 2 months apart, values for a third woman 
were changed from 5.4, 5.0, 7.0 and 7.5 mg to 7.5, 7.1, 3.8 
and 7.5 mg per 100 ml, respectively. 

The concentrations in urine following the supplement were 
as much as 140 times (V.G.) those of the control period. The 
total daily excretions after supplement ranged from 504 to 
680 mg greater than the averages for the 5 days of the control 



Vitamin C in milk and urine before and after supplement. 
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‘ 750 mg ascorbic acid per day. 

* Owing to rapid failure of lactation the period of supplement for V.S. was only 5 days. 
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period with 1 exception. V.S. during the control period 
secreted milk with the highest concentration of the vitamin 
and excreted more than double the amount per day excreted 
by any other woman, yet after receiving 750 mg per day in 
addition to her diet for 5 days she excreted only 215 mg more 
in 24 hours than her average excretion per day during 5 days 
preceding supplement. 


TABLE 2 


Vitamin C in hlood serum of mother and infant before and after supplement. 

(mg/ 100 ml.) 




CONTROL PERIOD 


AFTER SUPPLEMENT 

SUBJECT 

Interval 

postpartum 

.Mother ' 

Child 

Interval 

postpartum 

Mother 

Child 


days 



days 



V.G. 

78 

0.30 

0.50 

92 

0.90 

0.50 


161 

0.21 

1.72 

175 

1.04 

1.40 


239 

0.61(0.96) 

0.81 

253 

2.15 

0.57 


302 

0.16(0,60) 

1.07 

316 

1.31 

1.19 

V.K. 

95 

0.80 

3.00 

109 

1.30 

0.66 


144 

0.73 

0.92 

158 

1.34 

0.73 

V.L. 

68 

0.26 

1.46 

83 

1.55 

1.63 


152 

0.80(0.80) 

1.43 

170 

1.39 

1.59 

J.M. 

75 

0.17 

0.74 

90 

1.45 

1.20 


172 

0.20(0.55) 

0.64 

188 

1.19 

0.84 

B.8. 

85 

0.20 

1.00 

99 

1.20 

1.20 


204 

0.16 

0.79 

218 

0.94 

0.90 


259 

0.38 

0.57 

273 

1.36 

0.98 

M.8. 

58 

0.04 

0.63 

72 

1.12 

1.21 

V.S. 

70 

0.13(0.36) 

0.82 

80 

1.46 

0.42 


‘ Values in parentheses were obtained at the end of the 5-day control period. 
All other values represent the values on the first day of control period. 


The estimations of vitamin C in the fasting samples of blood 
of the mothers and infants during the control period and 
following supplementation of the diet are given in table 2. 
Of the 15 values for blood obtained from the mothers on the 
first days of control periods, only 4 were above 0.6 mg per 
100 ml, the amount regarded as comparab’e with health 
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(Smith, ’38; Goldsmith and Ellinger, ’39). The others were 
from 0.04 to 0.38 mg per 100 ml, an amount generally thought 
to indicate deficiency of vitamin 0 in the tissues. These re- 
sults agree with those of Ingalls, Draper and Teel ( ’38) who 
found 0.3 mg per 100 ml on the fourteenth day postpartum. 
In 5 instances vitamin C was determined also in samples ob- 
tained after the mothers had received for 5 days the diet 
supplied during the control period. The blood level remained 
unchanged at 0.8 mg for 1 subject (V.L.) but the other 4 values 
showed increases of 0.35, 0.44, 0.35, and 0.23 mg. 

After increasing the daily intake of vitamin C 4 to 8 times, 
the blood serum values of the women increased to within the 
rahge of saturation for non-pregnant non-laotating women 
(Storvick and Hauck, ’42; Goldsmith and Ellinger, ’39; 
Faulkner and Taylor, ’38; Todhunter and Robbins, ’40; 
Fincke and Landquist, ’42), ranging from 0.9 to 2.2 mg per 
100 ml of blood serum. The increases, in concentration, with 
1 exception, ranged from 1.6 to 11 times the values obtained 
the first day of the control period. The blood of M.S., was 
extremely low, 0.04 mg, at the start of the control period and 
increased to 1.12 mg following supplementation of her diet. 
Values after supplement were only 2 to 4 times greater than 
the determinations made following 5 days of eating the diet 
given during the control period. 

DISCUSSION 

Traversaro and Quesada ( ’38) have stated that the upper 
limit of vitamin C concentration in the blood and milk can be 
reached with food, or with crystalline vitamin C in the case 
of deficiency. Selleg and King (’36) observed that mothers 
with high initial vitamin 0 concentrations in milk showed 
relatively small increases when vitamin C supplements were 
given. It has been suggested (Traversa.ro and Quesada, ’38; 
Baumann, ’37) that there is an upper limit to the vitamin G 
secretion by the mammary gland, probably averaging between 
7 and 8 mg per 100 ml. The data obtained in the present study 
support the belief in an upper limit of vitamin C concentra- 



ASCORBIC ACID SUPPLEMENTS 


627 


tion in human milk but emphasize the variahiaty of that limit 
in different women, 

Ingalls, Draper and Teel ( ’38) gave 300 and 600 mg vitamin 
C to nursing women during the first 2 weeks postpartum. 
After the first week the group receiving 600 mg of vitamin C 
per day had no greater concentration of vitamin C in their 
blood and milk than the group receiving 300 mg. They con- 
cluded that both groups had reached saturation at the end of 
the first week and that the excess vitamin was probably ex- 
creted in the urine. The ascorbic acid of the blood after 1 and 
2 weeks rose to 1.38 and 1.44 mg per 100 ml in the supple- 
mented groups. The milk values ranged from 5.0 to 9.5 and 
averaged 7.2 and 7.4 mg per 100 ml at the end of the first and 
second weeks, respectively. Selleg and King (’36) supple- 
mented the diets of 2 groups of women with orange juice, 
equivalent to 210 and 430 mg of vitamin C per day during the 
first 10 days postpartum. The vitamin C concentration in the 
milk after supplementation rose to 7.3 and 8.1 mg per 100 ml 
on the tenth day. It would appear that the supplements given 
in these 2 studies served merely to bring the subjects’ dietary 
intakes to an adequate level or to offset earlier poor nutri- 
tional state, for the values attained with the supplements 
compare with data presented from this laboratory (Munks, 
Robinson, Williams and Macy, ’45) for the concentration of 
vitamin C in milk secreted during the first 10 days postpartum 
by healthy mothers receiving vitamin C only from a good 
diet of natural foods. 

Widenbauer and Kiihner (’37) determined for 6 mothers, 
1 week to 16 months postpartum, the ascorbic acid in urine 
and milk per day during a preperiod and during a period of 
20 to 27 days of oral administration of 400 to 500 mg of 
ascorbic acid per day. The subjects had very poor dietary 
histories and the study diets contained, besides potatoes and 
vegetables, small amounts of salad, but no fruit. When vita- 
min C excretion in urine rose a little, less vitamin C was 
given until excretion rose abruptly. The amount was then 
reduced until an approximate value for daily requirement 
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was reached. The ascorbic acid content of the breast milk was 
0.5 to 2.2 mg per 100 ml before and 3.8 to 7.5 mg following 
supplementation. They comment that the values in the litera- 
ture (4 to 7 mg per 100 ml) must have been obtained with 
milk from women who ate good diets with respect to vitamin 
C and conclude that their 6 women were vitamin C deficient 
to a greater or lesser extent as demonstrated by the satura- 
tion deficit. The daily ascorbic acid secretions in the milk 
before saturation were 5, 5, 4, 14, 13, and after supplementa- 
tion were 10 mg and 60, 20, 18, 68, 78, 34 mg, respectively, 
increases to 3 to 11 times the earlier values, whereas the 
values reported in the present paper were only doubled. The 
da,ily excretions of the vitamin after supplement reported by 
Widenbauer and Kiihner are within the range of the values in 
table 1 and indicate that the magnitude of increases in excre- 
tion of vitamin C supplements is dependent on the diets which 
the mothers have received for some time. 

Widenbauer and Kiihner concluded that the nursing mother 
requires 80 to 100 mg vitamin C per day in order to secrete 
40 to 50 mg for the infant. From the data presented in this 
and the preceding paper it would seem necessary to supply 
the mother with considerably larger amounts, especially if 
based on values calculated from the literature, to assure the 
infant 40 to 50 mg per day. However, whether infants actually 
require that much vitamin C is not known. To eliminate the 
possibility of inadequate intakes of this important vitamin, 
common pediatric practice is the early addition of orange 
juice to even the breast-fed baby’s diet. 

It has been observed that there is a relatively slow and 
limited rise in the antiscorbutic value of breast milk when 
patients receive a special supplement of fruit juice equivalent 
to 210 or 430 mg of ascorbic acid per day. Sel’eg and King 
( ’36) considered this noteworthy in that it provided an indica- 
tion of a maximum and approximately optimum level of secre- 
tion, above which an excessive dietary intake results chiefly 
in a rapid urinary excretion without disturbing the lactation 
level. Other investigators (Chu and Sung, ’36) found that a 
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sudden increase in the urinary excretion of vitamin did not 
occur until a large dose of vitamin had been given for 3 to 
6 days, showing that the storage of vitamin C in the tissues 
of the mothers was very low at the beginning of the experi- 
ment. Once the peak was reached, the daily urinary output of 
vitamin C tended to be fairly constant, amounting to about 
60% of the intake. They observed that excretion dropped 
abruptly with the discontinuance of the added vitamin. 

Similar to the observation of Selleg and King, in a study of 
underfed mothers Ohu and Sung ( ’36) observed that with an 
increase or decrease of vitamin C supply in the diet there was 
a corresponding fluctuation in the vitamin 0 content of milk, 
but the change was very slow and steady, being entirely 
ditferent from the type of response in the urinary excretion. 
They suggest that “since milk is a product of secretion rather 
than excretion, it behaves like body tissue in this respect.’’ 
After it had reached a saturation level, which was around 
8 mg per 100 ml, the concentration of vitamin C in the milk 
remained high for about 10 days, even after the extra supply 
of the vitamin was discontinued. 

The preceding paper emphasized the impossibility, at pres- 
ent, of distinguishing vitamin C storage from requirement for 
the substance. The same paper demonstrated that vitamin C 
in fasting blood samples could not be used as a criterion of 
the health of a nursing mother, the adequacy of her diet, or 
the vitamin 0 content of her milk and that there is a wide 
range of normal variation among healthy women. In the 
present study administration of 750 mg of ascorbic acid per 
day to healthy mothers eating good diets and successfully 
nursing their babies produced increases in the concentration 
of the vitamin in their milk and in fasting samples of their 
blood. However, these increases accounted for only a small 
fraction of the increases in intake, the greater portion of 
which was excreted in urine. During the control period the 
infants’ blood levels (table 2) were much higher than their 
mothers’, ranging from 0.50 to 3.00 mg per 100 ml. After 
the period of supplement the infants’ blood contained 0.42 
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to 1.63 mg of vitamin C per 100 ml. In only 9 of 15 instances 
did the blood levels increase following ingestion of their 
mothers’ milk with increased concentration. Without any 
evidence that the increased levels in the mothers’ blood were 
beneficial to them, or that the increased concentrations in 
milk were helpful to their infants, the conclusion of the 
preceding paper seems justified: . . it seems that the 

Recommended Dietary Allowances (’45) of the Food and 
Nutrition Board of the National Research Council provide 
for adequate amounts of vitamin C to meet normal require- 
ments during lactation and prevent depletion of body stores, 
provided during pregnancy the nutritional status of the 
mother has been adequate with respect to the vitamin.” 

SUMMARY 

Values obtained by analysis for vitamin C in the milk, blood 
and urine of healthy mothers and in the blood of their breast- 
fed infants following administration of 750 mg of ascorbic 
acid per day for 6 to 14 days, have been compared with cor- 
responding data for the same women and their infants during 
5-day intervals immediately preceding the supplement period 
when analyses of the mothers’ diets showed average intakes 
to be 102 to 228 mg of vitamin C per day. 

Although the average levels of vitamin C in the breast milk 
and in fasting blood samples were higher following sup- 
plementation of the diet, the major portion of the ascorbic 
acid given was represented by increases in urinary excretion. 
The data suggest that the amount of vitamin C recommended 
by the Pood and Nutrition Board for lactating women is 
sufiicient if supplied by natural foods in a diet adequate with 
respect to other dietary essentials and if during pregnancy 
the nutritional status of the mother has been satisfactory. 
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It has been postulated by Peck et al. ( ’43) that keratosis 
follicularis is a deficiency syndrome which may be caused by 
either a hereditary or an acquired weakness in absorption 
of vitamin A or in conversion of provitamin A to vitamin A. 
In 10 cases of this disease he reports 8 with the vitamin A 
content of the blood below “normal limits,” and 2 at the 
lower limits of “normal.” Carelton and Steven (’43) and 
(’ornbleet et al. (’44) report a total of 5 cases of this disease 
with no evidence of vitamin A deficiency in the blood. 

In view of these different findings it was believed worth- 
while to investigate, first, if individuals with folliculosis do 
have abnormally low vitamin A and carotene serum levels and 
secondly, if those individuals exhibit a weakness in the ab- 
sorption of vitamin A. 

METHODS AND PROCEDURES ' 

Children were selected for study since Pierce et al. (’45) 
found a high incidence of folliculosis among Burlington chil- 

^ The work was supported in part by {grants from Merck and Company, Tnc., 
Milbank Memorial Fund and National Vitamin Foundation, Ine. 
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dren. Children from Burlington Public and Parochial schools 
and from St. Joseph’s Orphanage were examined for the 
presence of folliculosis.® Two hundred and fifteen were chosen 
for the folliculosis group and 179 for the non-folliculosis 
group. Finger-tip blood was taken from each diild at the 
time of the physical examination for the determination of 
vitamin A and carotene by the methods of Bessey et al. ( ’46b). 

Vitamin A absorption studies were made on 36 Orphanage 
children between the ages of 8 and 15 years. Nineteen of 
these children had folliculosis and were used as a “test 
group” and 17 without folliculosis were used as a “control 
group.” Vitamin A capsules* containing 50,000 I.U. were 
given to 12 “test” and 12 “control” children and 25,000 LIT. 
to 7 “test” and 5 “control” children. Finger-tip blood was 
taken prior to the vitamin administration and 4, 5, 6, 8 and 
24 hours thereafter, for vitamin A and carotene determina- 
tions. 

No effort was made to control the diet of these children 
since it has been shown that ordinary mixed meals have little 
or no effect upon the concentration of either vitamin A or 
carotene in serum (Kimble, ’39). Then too, if any change did 
occur in serum levels due to food ingested it would be rela- 
tively constant for all children since they were institution- 
alized and eating the same food. 

RESULTS 

Table 1 summarizes the data obtained from the determina- 
tion of serum vitamin A and carotene values of children with 
and without folliculosis. The average vitamin A concentra- 
tions for both groups of children were the same, namely 
38 Mg %> whereas the average carotene values were sig- 
nificantly lower in the group with folliculosis. 

* The extremities were examined for the presence of keratosis follicnlaris by 
Brs. John H, Browe, Eesearch Associate in Medicine; C. A. Newhall, Assoc. Prof. 
Anatomy ; T. H. Harwood, Asst. Prof. Medicine and P. D. Clark, Asst, Prof. 
Pediatrics, Medical College, University of Vermont. 

•The vitamin A used in this study was supplied by Eli Lilly and Company, 
Indianapolis, Ind. 
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TABLE 1 


Serum concentration of vitamin A and carotene of children 
with and without follioulosie. 



CHIX^BEN WITH 
FOLlilCUliOBlS 

OHIl4DBBtN WITHOUT 
FOLLIOUXOSIB 


Vitamin A Carotene 

Vitamin A 

Carotene 

Number of children 

215 215 

179 

179 

Micrograms per cent 

38 101 

38 

116 

Standard deviations 

± 9.8 ± 16.5 

± 10.3 

±: 45.7 


TABLE 2 



Vitamin A serum 

levels of test and control 

children after 

oral 

administration of 50,000 I,U, of 

vitamin A. 



HOUR AFTER VITAMIN A ADMINISTRATION 


SUBJECT BASAL 

4 5 « 8 24 

tig % vitamin A in serum 


Control Group 


1 

35 

141 

187 

88 

58 

42 

2 

32 

51 

78 

81 

44 

47 

3 

27 

98 

128 

69 

75 

41 

4 

27 

61 

85 

53 

47 

36 

5 

26 

62 

129 

138 


40 

6 

28 

33 

40 

51 

54 

39 

7 

30 

43 

194 

88 

74 

38 

8 

26 

90 

196 

111 

46 

28 

9 

19 

37 

159 

120 

41 

34 

10 

19 

29 

84 

100 

47 

31 

11 

36 

81 

114 

95 

58 

29 

12 

27 

81 

91 

50 

39 

21 

Average 

27.6 

67.2 

123.8 

87.0 

52.9 

35.5 

St. dev. 

± 5.4 

± 31.2 

±: 49.0 

± 26.9 

Test Group 

± 11.6 

± 6.9 

13 

29 

84 

183 

122 

67 

36 

14 

30 

54 

80 

56 

86 

48 

16 

34 

67 

212 

122 

74 

66 

16 

27 

21 

48 

30 

28 

37 

17 

46 

91 

118 

75 

60 

71 

18 

31 

26 

88 

86 

80 

40 

19 

26 

81 

171 

126 

86 

26 

20 

18 

46 

126 

107 

98 

25 

21 

26 

43 

171 

156 

75 

38 

22 

23 

12 

39 

45 

47 

32 

23 

27 

37 

152 

97 

40 

3.5 

24 

19 

48 

100 

121 

67 

34 

Average 

28.0 

60.8 

123.9 

95.5 

67.3 

40.6 

St. dev. 

± 6.9 

± 10.9 

± 20.8 

■± 13.1 

± 6.7 

±: 4.4 
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TABLE 3 

Vitamin A serum levels of test and control children after oral 
administration of 25,000 LU, of vitamin A, 


HOUR AFTER VITAMIN A ADMINISTRATION 


SUB.l KCT 

BASAL - 

4 

5 

6 

8 

24 




fiff % vitamin A in serum 





Control Group 


25 

20 

103 

41 

49 

22 

18 

26 

28 

77 

83 

78 

71 

33 

27 

15 

86 

105 

118 

51 

26 

28 

28 

37 

64 

55 

. . 

24 

29 

37 

39 

48 

41 

39 

38 

Average 

26 

68 

68 

68 

45 

28 

St. dev. 

± 7.6 

± 26.2 

■± 23.4 

± 27.8 

± 17.9 

± 7.0 





Test Group 



30 

33 

50 

58 


46 

32 

31 

24 

13 

22 

34 

38 

30 

32 

15 

23 

66 

44 

34 

15 

33 

29 

59 

57 

50 

35 

31 

34 

22 

88 

87 

65 

32 

27 

35 

23 

31 

90 

46 

26 

21 

36 

21 

26 

97 

150 

58 

22 

Average 

24 

41 

68 

65 

38 

25 

St. dev. 

± 5.4 

± 24.0 

±: 20.8 

± 39.2 

±9.8 

± 5.8 


In the absorption study, the basal vitamin A levels and 
those for 4, 5, 6, 8 and 24 hours after the administration of 
vitamin A are presented in tables 2 and 3. The average rise 
in serum vitamin A and the ensuing average drop for each 
interval of time after the ingestion are noted, for both the 
“test” and “control” groups, in figures 1 and 2, and the 
resulting curves are designated as average “tolerance” 
curves. 

In all but 2 cases the maximum rise in serum concentration 
was reached on either the fifth or sixth hour after ingestion. 

Pig. 1 The average * ^ tolerance ^ ^ curves for T2 children with folliculosis 
(Test group) and 12 children without folliculosis (Control group) after the 
ingestion of 50,000 I.U. of vitamin A. 

Pig. 2 The average tolerance ' ' curves for 5 children without folliculosis 
(Control group) and 7 children with folliculosis (Test group) after the ingestion 
of 25,000 I.U. of vitamin A. 
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TABLE 4 

Serum carotene levels of test an<t control children after oral administration 
of SOyOOO and ^5,000 I.U. of vitamin A, 


SVBJKOT BASAL 


HOUR AFTI&B VITAMIK A ADSCIKISTRATION 
4 5 6 8 24 


tiff % vitamin A in te^m 
Control Group 

After 50,000 I.U. of vitamin A 


1 

74 

69 

78 

67 

68 

72 

2 

79 

79 

75 

76 

76 

76 

3 

91 

89 

96 

92 

95 

89 

4 

61 

57 

63 

61 

61 

64 

5 

64 

61 

61 

65 


68 

6 

67 

65 

66 

62 

67 

62 

7 

90 

86 

85 

84 

89 

86 

8 

82 

78 

75 

75 

74 

79 

9 

109 

106 

95 

100 

104 

107 

10 

84 

88 

79 

80 

84 

84 

11 

120 

124 

112 

110 

113 

110 

12 

88 

88 

83 

80 

85 

84 




After 

25,000 I.U. of vitamin A 


25 

75 

75 

70 

73 

69 

70 

26 

85 

87 

84 

85 

83 

80 

27 

50 

55 

51 

55 

53 

51 

28 

54 

54 

51 

50 

53 - 

50 

29 

32 

32 

30 

29 

30 

33 





Test Group 






After 

50,000 I.U. of vitamin A 


13 

62 

64 

59 

58 

62 

68 

14 

77 

75 

74 

74 

80 

74 

15 

80 

79 

85 

83 

79 

83 

16 

87 

86 

86 

86 

90 

86 

17 

80 

78 

78 

80 

78 

82 

18 

55 

56 

60 

55 

52 

54 

19 

56 

54 

54 

55 

54 

56 

20 

94 

100 

94 

92 

94 

94 

21 

60 

62 

62 

61 

58 

59 

22 

62 

59 

54 

58 

60 

59 

23 

75 

71 

71 

70 

70 

73 

24 

77 

76 

73 

73 

75 

77 




After 

25,000 I,U. of vitamin A 


30 

31 

32 

28 


31 

29 

31 

54 

60 

54 

57 

54 . 

58 

32 

28 

29 

27 

27 

28 

31 

33 

57 

56 

54 

54 

60 

65 

34 

66 

59 

58 

57 

57 

55 

35 

79 

85 

81 

77 

80 

81 

36 

43 

47 

44 

45 

46 

44 
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This maximum rise was, on the average, about 4i and 2J 
times higher than the average basal values for the 50,000 
and 25,000 I.U. dosages, respectively. At the end of 8 hours 
the concentration was reduced to one-half its peak value and 
by 24 hours was back to normal for the groups receiving 
25,000 I.U. but was still slightly elevated for the group re- 
ceiving the higher dosage. 

The basal carotene levels and those for 4, 5, 6, 8 and 24 
hours after administration of vitamin A are shown in table 4. 

DISCUSSION 

It is evident from the data presented in table 1 that the 
children in this study who have folliculosis do not have lower 
vitamin A serum levels than “normal” children. It is inter- 
esting to note, however, that the serum carotene concentration 
was lower in children with folliculosis. No information is 
available for an explanation of this finding. 

Bessey (’46a) has stated that, from his experiences, the 
normal serum vitamin A and carotene levels range between 
30-10 Mg % and 100-300 Mg %, respectively. In this study the 
average serum vitamin A and carotene values for both groups 
of children lie within the lower limits of these ranges. 

It may be noted in tables 2 and 3 that the concentration 
of vitamin A in the serum at any one time after the ingestion 
of this vitamin is variable from child to child and that the 
rate and magnitude of these changes are not necessarily re- 
lated to the basal vitamin A levels or to the presence or 
absence of folliculosis. The average “tolerance” curves for 
children with and without folliculosis are not significantly 
different. In view of these findings it is concluded that the 
children in this study who had folliculosis did not exhibit a 
weakness in absorption of vitamin A. 

The serum carotene levels were not affected by the dosages 
of vitamin A ingested and remained essentially constant 
throughout the 24-hour absorption study period (see table 4). 

* Steigmanii and Popper ( ’44) have reported similar findings in their study 
entitled ‘‘The influence of large doses of vitamin A upon the plasma vitamin A 
level/' 
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These data present additional confirmatory evidence for the 
fact that large doses of vitamin A do not alter the concentra- 
tion of carotene in serum; and that the reaction, carotene 
— » vitamin A appears to be an irreversible one (Peters 
and Van Slyke, ’46). 


SUMMARY 

1. In a survey of 394 children no significant difference was 
found between the serum vitamin A levels of children with 
and without folliculosis. 

2. The serum carotene values were lower in children with 
folliculosis. 

3. The children of both groups are equally capable of ab- 
sorbing vitamin A as indicated by their serum levels after 
the administration of 50,000 and 25,000 I.U. of vitamin A. 
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Previous papers have described the effects of feeding diets 
varying in fat content ad libitum, and in restricted amounts, 
to weanling rats (Deuel et ah, ’47 ; Scheer et ah, ’47a). In the 
experiments to be reported here, rats were maintained on a 
stock diet for 19 weeks after weaning, and then transferred 
to the experimental diets, fed in restricted amounts. Measure- 
ments of body weight and physical capacity were made during 
the period of caloric restriction and a subsequent recovery 
period of ad libitum feeding; reproductive performance was 
also tested in the recovery period. The methods used have been 
described earlier (Deuel et ah, ’47 ; Scheer et ah, ’47b). During 
the present work the restricted food portions were fed daily, 
instead of every second day, as in the earlier experiments. 
Three hundred rats were divided into groups at weaning and 
kept in large cages in groups of 4 for 19 weeks. At the end of 

' The subject matter of this paper has been undertaken in cooperation with 
the Committee on Pood Research of the Quartermaster Food and Container Insti- 
tute for the Armed Forces. The opinions or conclusions contained in this report 
are those of the authors. They are not to be construed as necessarily reflecting 
the views or indorsement of the War Department. 

We are indebted to Merck and Co., Rahway, N. J., for the synthetic B vitamins ; 
to the Winthrop Chemical Co., Albany, N. Y., for the crystalline vitamin Dj and 
to Lederle Laboratories, Inc., Pearl River, N. Y., for the folic acid. 


641 



642 


BRADLEY T. SOHEEB AND OTHERS 


this time, they were transferred to smaller individual cages 
and fed the experimental diets in restricted amounts. 

RESULTS 

Weight loss 

On the basis of a preliminary experiment, in which young 
adult rats were maintained on the stock diet at various levels 
of caloric intake for 6 weeks, it was calculated that an intake 
of 24 cal. per day would result in a weight loss of 50% in 12 
weeks. After 8 weeks on the experimental regime, the weights 
of the animals receiving the diets with various amounts of 
fat at a level of 24 cal. per day were gi'eater than had been 
predicted (table 1) ; we accordingly reduced the caloric intake 
to 12 cal. per day. After a total experimental period of 12 
weeks, the males had lost 40 to 50% of their initial weight, 
while the females had lost 30 to 40%. 

Table 1 presents the mean weights with their standard 
errors at intervals of 4 weeks during the restricted period. It 
is apparent that the greatest weight loss was observed on diet 
60b, containing no fat but with 1% methyl linolate, while the 
smallest losses were observed on diet 63, containing 20% fat, 
and the stock diet, containing 14% fat. Those ditferences which 
might have occurred by chance less than once in 100 samples 
(difiference/standard error > 2.5) are also tabulated in table 
1. The results presented appear to justify the conclusion that 
loss of weight under conditions of severe caloric restriction 
is greater when the diet contains 10% of fat or less than when 
it provides 15 to 40% of fat. However, there is no evident 
advantage of the 40% level over 20%. The apparent superi- 
ority of the stock diet during the last weeks of the experiment 
resulted from a failure of appetite in the other groups, as will 
be noted later. 

Mortality 

In earlier work, we noted that mortality among weanling 
rats fed restricted calories was highest on diet 61 (5% fat) 
and least on the stock diet (14%) and diet 64 (40%). A very 
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TABLE 1 

Weights of young adult rats fed experimental diets in amounts to provide cal. 
* per day for 8 weekSf followed by 12 cal. per day for 4 weeTcs. 


DIET 

NO. 

FAT 


BODY WEKSHT IN OM ' 


M D S.E M.n » 

CONTENT 

IN % 

Start 

4 wks 

8 wks. 

3 2 wks 

8-wk. 12'Wk. 

period period 




Male rats 



60B 

0* 

269.5 ± 

220.7 -± 

200.1 It 

126.5 ±: 

62, 3.0; 63, 3.4; 



5.4 

1.5 

3.8 

4.5 

63, 3.9; 64, 3,2. 
8., 3.1. 

61 

5 

264.9 ± 

223.2 ± 

211.8 ± 

128.0 ± 

63, 3.1; 



2.0 

3.7 

3.9 

4.6 

64, 2.9. 

62 

10 

274.9 ± 

235.2 It 

218.4 ± 

134.6 ± 

63, 2.5. 



5.7 

3.6 

4.7 

3.9 


63 

20 

267.4 ± 

225.7 ± 

216.7 ti 

147.9 ± 




7.1 

4.8 

2.0 

4.4 


64 

40 

263.1 ± 

215.2 ± 

201.3 ti 

142.6 ± 

62, 2.6; 



6.2 

5.2 

4.6 

12.1 

63, 3.1. 

8* 

14 

268.4 ± 

224.6 It 

213.7 It 

145.6 ± 




4.5 

2.9 

2.3 

6.5 





Female 

rats 



60B 

0* 

183.4 ± 

163.3 ± 

164.1 ± 

116.2 ± 

61, 3.5; 8., 3.1. 



3.2 

2.6*^ 

1.4 

5.5 

62, 4.0; 

63, 5.2; 

8., 3.8. 

61 

5 

189,2 :± 

168.9 ± 

171.6 ±: 

105.0 ± 

63, 5.0; 



5.7 

1.2 

1.9 

2.5 

8., 8.5. 

62 

10 

188.7 ± 

176.0 ± 

180.3 ± 

113.8 ± 

60B,4.0.»S., 4.9. 



3.1 

2.0 

2.0 

3.5 


63 

20 

182.9 ± 

169.3 ± 

177.7 It 

124.7 ± 

a., 2.5 



3.6 

2.4 

2.2 

3.1 


64 

40 

188,6 ± 

167.3 ± 

169.7 ± 

121.5 ± 




3.4 

2.6 

2.3 

7.6 


8* 

14 

189,8 ± 

171.6 It 

174.1 It 

1.34.6 It 




8.9 

3.1 

2.2 

2.4 



' Including the standard error of the mean calculated as follows ~ VSdVn/Vn 
where *‘d^^ is the deviation from the mean and “n'^ is the number of observations. 

* Ratio of mean difference to standard error of mean difference. When this is 
2.5, it indicates that the chances that such a difference might arise by chance are 
no more than 1 to 100. 

* Containing 1.0% methyl linolate. 

* Stock diet. 

“ Ratio M.D. : 8.E.M.D. for 4-week period. 
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similar distribution of mortality among the groups was noted 
in this study (table 2). In the present experiment, death 
was often preceded by appearance of bloody incrustations on 
the coat, and lack of appetite. The bloody coats were especially 
evident on the abdomen and forelimbs in females ; the source 
of the discoloration was not certain although nasal bleeding 
was observed in a few instances. A short time after this phe- 
nomenon was noted, some of the animals failed to consume 
their daily food portion completely. This lack of appetite 
appeared first on diet 61 (5%), then on 62 (10%) and 60 (0%), 
and finally on 63 (20%) and 64 ( 40%). The animals fed the 
stock diet retained a vigorous appetite throughout the ex- 
periment. Finally during the last weeks of the experiments, 
animals began to die. This was not always simply the result 
of failure to eat, since a number of animals continued to eat 
regularly until they died. In other cases, however, animals 
failed to eat even after transfer to ad libitum feeding in large 
cages. These animals died during the thirteenth week 
(table 2). 

There seems to be no obvious explanation for these observa- 
tions. The lack of appetite suggests a deficiency of thiamine, 
but the diets used have supported excellent growth, reproduc- 
tion and lactation when fed ad libitum. The superiority of the 
stock diet suggests the possibility that vitamins were present 
in the natural foods (wheat, oats, yeast, alfalfa) comprising 
this diet, or were synthesized by intestinal flora, which were 
not available to animals on the synthetic diets. It is possible 
that, under the special conditions of this experiment, signifi- 
cant alterations in intestinal synthesis might appear. We have 
often noted transient loss of hair on the head and shoulders, 
suggesting biotin deficiency, after transfer from restricted to 
ad libitum feeding. Experiments are now in progress to test 
these points further. 

The results of the tests of physical capacity have been pre- 
sented elsewhere (Scheer et al., ’47a). They add no further 
illuminating details to the general picture ; a marked decrease 
in endurance appeared in all groups but was not related to 
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fat content in the diet. Recovery was rapid and complete 
in all groups. 


TABLE 2 


The total mortality, bleeding and lack of appetite in young adult rats fed experi- 
mental diets at levels of cal. per day for 8 weeks and cal. per day 
for following 4 weeks. 


WEEKS OK 
RESTRICTED 
DIET 




RESULTS AFTER FOLLOWlNa DIETS 




60B 

9 

d* 

61 

9 

62 

cT 

9 

63 

cT 

9 

cf 

64 

9 





Total mortality 






10 




4 







11 

4 


8 

4 

4 

4 



4 


12 

35 

21 

67 

32 

56 

29 

24 

16 

4 

4 

13 

65 

58 

75 

44 

70 

50 

52 

36 

12 

20 





Bleeding 






7 






4 





8 




12 


13 





9 




16 


22 





10 




12 

4 

22 


4 



11 



9 

12 

CO 

18 

13 

8 







Loss 

O 

Ms 






8 



25 

52 







9 



29 

52 







10 

9 

37 

92 

96 

50 

69 

4 



8 

11 

77 

84 

100 

100 

96 

100 

87 

100 

13 

28 

12 

94 

100 

100 

100 

100 

100 

100 

100 

35 

68 


Recovery of body weiyJit 

At the end of 12 weeks, most of the surviving animals wen-e 
returned to large cages and fed the same diets ad libitum. 
Several from each group, however, were sacrificed for deter- 
minations of body composition. The mean weights of the 
survivors with their standard errors, are presented in table 
.3, The high mortality, especially among the males, reduced 
the number of animals involved ; consequently the differences 
are not always statistically significant; those for which the 
probability of a similar result by chance is less than 1 in 100 
are tabulated at the right of the table. The superiority of 
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TABLE 3 


Changes in weight of young adult rats surviving a IS-weeTc period of severe caloric restriction 
during a subsequent period of ad libitum feeding. 


DIBT 

NO. 

NO. 

OF 

RATS 


BODY WEIGHT IN GM 

1 


.M.D. : 8E.M.D.8 

Start 

After 

12 Wkfl. 

Recovery period 


3-wk. 

6wk. 

re- 

covery 

re- 

stricted 

.3 wks. 

6 wks 

9 wks. 

covery 





Male rats 





60B’ 

4 

273.0 ± 

140.2 ± 

173.2 ± 

242.9 ± 



63, 3.7; 



15.9 

8.5 

53.2 

12.9 



8., 2.5. 

61 

1 

296 

128 

172 

247 

277 



62 

. 1 

250 

130 

248 

283 




63 

6 

274.0 ± 

1.59.7 ± 

259.5 ± 

304.7 ± 

303.7 ± 





12.2 

7.3 

8.3 

10.5 

12.9 



64 

12 

260.9 ± 

140.4 ± 

237.4 ± 

291.6 ± 






10.2 

5.0 

8.0 

5.3 




S* 

15 

267.5 ± 

147.7 ± 

244.1 ± 

286.9 ± 






5.6 

8.7 

6.0 

11.9 








Female rats 





60B' 

7 

187.9 ± 

121.0 ± 

171.4 ± 



63, 4.8; 




7.2 

4.0 

7.1 



64, 3.3; 









fi., 4.0. 


61 

6 

192.8 ± 

112.8 ± 

184.8 ± 

212.7 ± 

213.5 ± 

63, 4.4; 

63, 2.7. 



7.5 

5.5 

4.4 

5.3 

7.9 

S., 3.1. 


62 

6 

187.0 ± 

122.2 ± 

177.2 ± 

203.2 ± 

213.0 ± 

63, 3.2; 




8.2 

13.8 

10.0 

13.3 

16.6 

8., 2.5. 


63 

10 

191.1 ± 

133.6 ± 

211.5 ± 

235.0 ± 


61, 2.8." 

64, 2 6: 



4.9 

4.9 

4.2 

6.2 



R., 3.6. 

64 

13 

192.1 ± 

123.1 ± 

198.5 ± 

212.6 ± 

213.6 ± • 





3.7 

3.7 

4.1 

5.8 

5.9 




20 

190.2 ± 

134.3 ± 

205.0 ± 

205.4 ± 

217.5 ± 

60B,4.5; 




3.5 

2.2 

4.7 

5.3 

6.2 

61, 3.6; 









64, 2.6." 



^ Including the standard error of the mean calculated as follows = V SdVn/ V n where * ‘ d ” 
is the deviation from the mean and “ n ’ Ms the number of observations. 


“ Ratio of mean difference to standard error of mean difference. When this is 2.5, it indicates 
that the chances that such a difference might arise by chance are no more than 1 to 100. 

® Containing 1.0% methyl linolate. 

* Stock diet. 

“ Ratio M.D. : S.E.M.I). for 12'week restricted period. 
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diet 63 (20% fat) in supporting recovery of body weight 
is evident in the female series. It is of interest to note here 
that the stock diet, which supported rapid gain in weight to a 
value slightly above the weight at the beginning of the ex- 
periment, did not permit as great eventual gains as did diet 63. 

Reproductive performance 

Immediately after transfer to ad libitum feeding, 5 females 
from each dietary group were placed in separate large cages 
with males from the same group if these were available. Only 
1 litter was born to animals subsisting on diets 60b and 62 and 
none on diet 61 while 5 litters were produced each by the fe- 
males on diets 63 and 64 and 4 on the stock diet. None of the 
litters was successfully raised to weaning in spite of the fact 
that the number of young per litter was small. The results 
are in sharp contrast with those presented earlier (Scheer, 
’47b) in which most of the litters born to rats which had been 
subjected to caloric restriction immediately after weaning 
were reared successfully. Evidently recovery of reproductive 
capacity after such severe restriction is much less rapid than 
recovery of body weight or physical capacity. 

DISCUSSION 

The experiments presented in this series of papers (Deuel 
et al., ’47 ; Scheer et al., ’47|i, ’47b) have invariably resulted in 
the same conclusions ; in every case, animals performed more 
satisfactorily when fed diets containing liberal amounts of fat 
than when fed diets containing little or no fat. It is possible 
to explain the growth effects with ad libitum feeding on the 
basis of increased caloric intake with higher fat content of the 
diet. The results with restricted isocaloric feeding cannot be so 
explained. The valuable observation of Forbes et al. (’46a, 
’46b) that the metabolic eflSciency of food utilization is greater 
when fat is present suggests one important possible explana- 
tion. It does not seem however, that all of the effects which 
we have observed, i.e., on physical capacity, resistance to 
undernutrition, reproduction and lactation, can be the result 
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simply of increased efficiency of food utilization. Bather, it 
appears that fat must take an active part in a variety of fun- 
damental vital processes underlying the phenomena which we 
have observed. Increased fat in the diet, then, would be 
expected to increase the effectiveness of all of these processes 
by providing a readily available stock of fat, thus obviating 
the relatively expensive necessity of fat formation from 
carbohydrate. In this view, fat is no longer the inert storage 
material of the older biochemistry, but an active component 
of the metabolic machinery. 

SimMABY 

When young adult rats are subjected to severe caloric re- 
striction on diets varying in fat content, weight loss is less 
rapid, and mortality is less, on diets containing liberal amounts 
of fat than on a fat-free diet. During recovery from the 
period of caloric restriction, weight loss is more rapidly re- 
gained, and reproductive capacity is superior on diets con- 
taining fat. Reproductive capacity is still subnormal 4 to 
6 weeks after transfer to ad libitum feeding, a time when body 
weight and physical capacity have returned to normal. The 
significance of the results of the present series of experiments 
is briefly discussed in relation to the role of fat in metabolism. 
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(Received for publication February 8, 1947) 
INTRODUCTION 

During the course of the war the Nutrition Division, Office 
of the Surgeon General, U.S. Army, under the direction of 
Col. John B. Youmans, formulated detailed plans for nutri- 
tional surveys of civilian populations in liberated and occupied 
countries. When the defeat of the German armies in the 
Netherlands appeared imminent early in March, 1945, a survey 
team was requested by the Public Health Branch of Supreme 
Headquarters Allied Expeditionary Forces and was imme- 
diately dispatched to that area. This team joined a similar 
Canadian group headed by Wing Commander J. M. McCreary 
in performing a series of 1-day surveys of newly liberated 
cities and towns during the advance into southern Holland 
with the First Canadian Army. These rapid surveys were 
designed to furnish Civil Affairs detachments with immediate 
information about local food supplies and nutritional con- 
ditions. 

^Presented at the meetings of the Agricultural and Food Division, American 
Chemical Society at Chicago, September 9-12, 1946. 

*On leave; Captain, Sn.C., Army of the United States. 

* Consultant to the Surgeon General, United States Army. 
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Each survey team consisted essentially of the following: 
a medical officer with special training in deficiency diseases ; 
a nutrition officer with special training in obtaining dietary 
histories, and in conducting biochemical studies; a senior 
Dutch medical student who acted as interpreter and assistant ; 
and clerical personnel. The American team was equipped 
with a portable laboratory designed and constructed by the 
senior author with the cooperation of Drs. R. E. Johnson 
( ’45), 0. A. Bessey and 0, H. Lowry ( ’45), for making certain 
laboratory studies in the field such as hemoglobin, serum 
protein, plasma ascorbic acid, and urinary excretion tests 
for thiamine, riboflavin, nicotinic acid, chlorides, albumin and 
ketone bodies. It proved impractical however to attempt 
laboratory investigations in connection with the rapid surveys 
because of the emphasis on speed and movement. When de- 
tailed surveys were carried out in the cities of western Holland 
much biochemical work was done. 

The First Canadian Army was moving northward into 
central Netherlands against very determined resistance during 
April and early May, 1945. The British Second Army mean- 
while had swung to the east and moved rapidly northward 
along the Dutch German border, thus effectively cutting off 
a large number of German forces from their bases of supply. 
As the German forces and large numbers of inhabitants were 
steadily forced back into the smaller, more densely popu- 
lated, and less agriculturally productive area of western 
Holland reports of hunger and starvation in the civilian 
population were received in ever increasing numbers. Al- 
though unconfirmed, such reports seemed logical in view of the 
general overcrowded condition and the customary practice 
of German troops to live off the land. Accordingly, detailed 
plans and procedures of operation for the assessment of 
nutritional conditions and possible relief measures were for- 
mulated with Dutch, British and American authorities by 
the nutrition branch of SHAEF Mission Netherlands under 
the direction of Lt. Col. H. R. Sandstead, U.S. Public Health 
Service. 
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Following the capitulation of the German military forces 
in western Holland on May 7, 1945, similar rapid surveys 
were made in that area to determine the immediate needs of 
the population for emergency food supplies, medical care and 
for aid from Netherlands Red Cross feeding teams. In general 
only poor sections of the cities were sampled in these pre- 
liminary studies and nutritional conditions were found to be 
much more severe than in southern and eastern Holland. 
By the time these studies were completed on May 18, 1945, 
conditions had improved considerably. Emergency food sup- 
plies were being distributed and Netherlands Red Cross 
feeding teams were setting up and operating a number of 
emergency hunger wards in many of the hospitals. 

The Canadian and American survey teams were then joined 
by a British unit and mobile laboratory headed by Dr. H. M. 
Sinclair and each of the teams was augmented with Dutch 
physicians, biochemists, dietists, secretarial and other per- 
sonnel. Detailed surveys were then undertaken in Leiden 
and The Hague by the British team, in Utrecht and Am- 
sterdam by the Canadian team and in Delft and Rotterdam 
by the American team. Nearly 14,000 persons of all ages and 
economic groups were surveyed in these comprehensive 
studies which were completed by the end of June, and definite 
evidence of widespread starvation was recorded (Burger et al., 
’45). Results were used to advise allied authorities regarding 
the kinds and quantities of food needed during the period of 
recuperation; to advise and support Dutch food and health 
authorities; and to determine the effects of extended under- 
feeding on the entire population. With reference to the latter 
purpose it should be mentioned that a monograph is being 
prepared by Dutch, British, Canadian and American investi- 
gators which will constitute a comprehensive scientific report 
of the causes, the course of events, and the results of mass 
starvation in Holland. 

The data to be presented and discussed in this report will 
be limited to those obtained in surveys of Rotterdam on May 9 
and again during the period May 29 to June 8, 1945. They may 
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be considered to be representative generally of conditions 
that existed at this time in ‘the other great cities of western 
Holland as judged by the findings of the other teams. Rotter- 
dam is the principal seaport and third largest city of the 
Netherlands. The normal population of 600,000 remained 
unchanged despite the severe German bombings in 1940 that 
destroyed large areas in the heart of the city and that resulted 
in considerable overcrowding and unemployment. It was se- 
lected for a detailed investigation following the rapid survey 
of May 9, 1945, which had indicated a very poor nutritional 
condition of the population. 

PBOCEDUBE 

A representative sample of the population which included 
all age groups, both sexes, various occupations and economic 
levels was selected in the following manner. An organization 
meeting was held in the office of the Director of the City Health 
Service on May 29th to explain the general plan and purpose of 
the survey. Representatives of the ration distribution office, 
the volunteer women’s organization, the domestic science 
schools and the public health service attended this meeting, 
and definite plans were developed for conducting the survey. 
It was agreed that a total of approximately 2500 people should 
be examined and that these should be divided on the basis of 
50% from the poor, 40% from the middle, and 10% from the 
upper classes to be representative of the entire population. 
Experience with previous surveys had shown that approxi- 
mately 250 persons could be examined in 1 day at 1 location, 
hence 5 poor areas of the city, 4 middle class areas, and 1 
upper class area were chosen carefully to assure scattering 
of the sample throughout the city area. Each such area con- 
tained approximately 2000 people so that a valid sample was 
obtained. 

A second conference was held on the following day in the 
ration distribution office to consolidate plans for obtaining 
complete information on the past and present food ration 
and all other available food. Information obtained during 
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previous surveys indicated that the food situation had been 
steadily deteriorating during the German occupation until the 
autumn of 1944 when it became acute due to a national railway 
strike and the resulting punishment policy that was inflicted 
by the oppressors (Stare, ’45). It was hoped that quantitative 
estimates of actual food consumption during 3 progressive 
periods, October, 1944, February, 1945, and April, 1945, might 
be obtained in order to establish a valid sequence of data 
leading up to the present survey. This plan was accomplished 
through the etforts of the household science teachers of the 
city who questioned approximately 90 families, in proper 
proportion, from poor, middle and upper class communities 
with regard to all food consumed during those months. Ar- 
rangements were also made to obtain records of food distrib- 
uted by the Central Kitchen Organization, the Inter-Church 
Organization, and the Red Cross. 

Personnel in a representative sample of the hospitals, rest 
homes, old folks homes, orphanages, prisons, and asylums, 
as well as in all 9 emergency hunger hospitals were also 
examined. 

The actual examination of the general population was con- 
ducted at a prearranged time and place in each of the 10 
sections of the city. Here the volunteer women ’s organizations 
were found to be invaluable not only in contacting the chosen 
families and seeing that they reported for examination at the 
proper time, but also in assisting with the recording of data 
and in maintaining the even flow of patients through the exam- 
ining rooms. At the start of the examination each person 
was presented with a record card that contained the necessary 
blank spaces for entry of personal data, subjective complaints, 
height, weight, age, physical examination data, and laboratory 
determinations to be recorded as the bearer progressed 
through the clinic. In about 10% of the cases selected at ran- 
dom, complete dietary histories of food consumed during the 
past 24 hours and finger blood samples for hemoglobin and 
serum protein determinations by the gravity gradient method 
were obtained. In addition, approximately 100 venous blood 
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samples were drawn at random from adult personnel and 
were analyzed by the mobile laboratory for plasma vitamin 
A, plasma carotene, ascorbic acid, hematocrit, white cell vol- 
ume, hemoglobin, and total serum protein. 

RESULTS 

In the rapid and detailed surveys of Rotterdam which were 
conducted on May 9, 1945, and May 29 to June 8, respectively, 
nutritional conditions were found to be very severe with large 
numbers of the population exhibiting evidence of insuflScient 
food consumption. Eighty-six per cent of 154 subjects exam- 
ined in the first survey were classified as thin, very thin, or 
emaciated with an estimated adult weight loss of 30 pounds. 
Hunger edema was found freqnently, being recorded in nearly 
20% of those examined. Children between the ages of 1 to 12 
years and adults over 60 years of age were in the poorest 
nutritional condition, with the aged most severely affected. 
It was estimated from the survey data as well as by public 
health and other medical personnel that there were in the city 
40,000 cases showing some degree of famine edema. Many 
deaths due to starvation were stated to have occurred, the 
total number being unavailable at the time of the studies. 
However, the death rate during the period January to April, 
1945, had increased more than 100% over that of the previous 
year (table 1). Evidences of specific vitamin deficiencies were 
rarely noted. The average daily food consumption at the time 
of the early survey was approximately 1000 Cal., with a range 
of 500-1500 Cal. The dietary consisted mainly of coarse 
bread, potatoes, sugar beets, other available fresh vegetables, 
and a very limited amount of cereals, dairy products and 
meat. 

In the detailed survey conducted from May 29 to June 8, 
1945, a total of 2660 people, selected to be representative of 
the general population, were examined. In addition, 185 per- 
sons were examined in 20 institutions chosen to be represen- 
tative of the hospitals, asylums, orphanages and old people’s 
homes. Most of the hospitalized hunger patients were con- 
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centrated in emergency hunger hospitals, and hardly without 
exception these patients showed severe cachexia. Patients in 
other hospitals did not present a major problem in under- 
feeding. 

TABLE 1 


General mortality — Botterdam (Jan nary- April ) . 




1944 

1945 

INCaEASE (%) 

Infants (0-1 yr.) 


126 

319 

153 

Children (1-5 yrs.) 


78 

173 

122 

Adults (5-65 yrs.) 


910 

2314 

154 

Males 


495 

1715 

246 

Females 


415 

599 

44 

Adults (65 -h yrs.) 


1179 

3148 

167 

Males 


537 

2019 

276 

Females 


642 

1129 

76 

Total 


2293 

5952 

159 

Males 


1159 

4032 

248 

Females 


1134 

1920 

69 



1944 

1945 

INCREASE (%) 

Death rate (per 1000) 

— Rotterdam 

11.5 

29.8 

159 

Death rate (per 1000) 

— Boston 

12.9 

13.0 

1 


The grading in physical appearance of the people examined 
on May 9th as compared with those examined in the later 
survey is shown in table 2. An improvement in physical ap- 
pearance, apparently took place in the interval between the 2 
surveys. The 2 groups, however, were not strictly compar- 
able in that the early survey was conducted in a relatively 
poor area of the city while the latter more detailed study 
included representative groups of all economic means. In 
grading the physical appearance scores in the latter survey 
approximately 40% of the poor people were judged normal, 
50% of the middle class and 80% of the upper class. The 
estimated weight loss averaged 25 pounds in the groups from 
19 to 59 years of age and 40 pounds in those over 60 years, 
with females showing slightly more loss than males. 



656 


CYBUS E. FKBNCH AND FBBDBIOK J. STAEE 


The symptoms of weakness, fatigue, diarrhea, muscle pain 
and paresthesia were prevalent in all groups, especially in 
the aged. Amenorrhea was frequently reported. 

Papillary atrophy, pallor, and follicular hyperkeratosis 
were the commonest clinical findings of nutritional interest 
occurring in 20 to 80% of the people and to a greater degree 
in those from the poor districts. Edema was present in 
about 3% of the people from the poor districts in the 19- to 
59-year age group, and in nearly 12% of those over 60 years 
of age. This shows a considerable decrease in the incidence of 


TABLE 2 

General physical appearance — JSotfertlam (May 9, 1945; May B9-Jme 8, 1946). 



TOTAL NO. EXAMINED 

NORMAL 

FAIR 

POOR 

SEVERE 




% 



% 

Adults 

May 

154 

14 

36 

44 

6 


June 

1511 

48 

46 

6 

0 

Children 

May 

118 

10 

31 

31 

28 


June 

1149 

22 

44 

34 

0 

Hunger patients 







Adults 

May 

127 

0 

0 

25 

75 


June 

242 

0 

6 

76 

18 

Children 

May 

none 






June 

380 

0 

5 

62 

33 


edema as compared to the 20% average observed in the earlier 
survey. . 

Hemoglobin and total serum protein values, summarized 
in table 3, varied from 11 to 14 gm per 100 ml and 6 to 7.6 gm 
per 100 ml, respectively, with little difference between eco- 
nomic groups. Plasma volume was determined in the emer- 
gency hunger hospitals and was found to be 20 to 30% below 
normal in hunger patients. Average hemoglobin and total 
serum protein values in this group were only slightly below the 
general population averages although much greater variation 
was noted. 
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In addition to the finger blood determinations, approximate- 
ly 100 venous samples were obtained at random from adult 
males and females and were analyzed in the mobile laboratory 
with the following results : hematocrit 41.4 volume % ; white 
cell volume 1.0 volume %; hemoglobin 13.4 gm per 100 ml; 
serum protein 7.5 gm per 100 ml; plasma vitamin A 108 I.U. 
per 100 ml ; plasma carotene 181 I.IT. per 100 ml ; and whole 
blood ascorbic acid 0.37 mg per 100 ml. Values obtained from 
different economic groups showed no significant variation. 


TABLE 3 

Average hemoglobin and aerum. protein values — Botterdam (May $9-June 8, 1945) 


AOK 

NUMBER OF 
DETERMINATIONS 

HEMOGLOBIN 

SERVM 

PROTEIN 

yf>(i ra 


gm/100 ml 

gmhOO ml 


Males 



1-12 

25 

12.5 

7.1 

13-38 

17 

13.1 

7,Z 

19-o9 

57 

13.8 

7.4 

60 -f 

17 

12.5 

6.9 


Females 



3-12 

24 

12.2 

7.0 

13-38 

11 

12.5 

7.5 

19-59 

77 

12.2 

7.4 

60 -f 

8 

12.0 

7.5 


The average daily consumption of nutrients by the 3 eco- 
nomic groups is presented in table 4 and represents nearly 
100% of the official food ration at that time. It should be 
noted that the food intake increased from 1000 to 2000 Cal. 
in the 4-week period between the 2 surveys. Simultaneously 
the official ration rose from 340 to 2000 Cal. This was due 
largely to the rapid import and distribution of Allied food 
supplies. Food was distributed mainly through the Rotter- 
dam Food Distribution Office with some additional quantities 
handled through the Central Kitchen, Inter-Church and Red 
Cross organizations. 
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Obviously the daily food consumption of approximately 
2000 Cal. at the time of the detailed survey did not account 
for the clinical evidences of undernutrition found. Likewise, 
it would be inaccurate to ascribe the nutritional condition of 
the population to the daily consumption of 1000 Cal. at the 
time of the rapid survey 1 month earlier. In an effort to obtain 
at least a rough estimate of the successive dietary levels 
which were responsible for the conditions found in the 2 sur- 
veys, dietary histories of food consumption during 3 separate 


TABLE 4 

Average daily nutrient consumption — 'Rotterdam 
(May 9, 194S ; May g9-June 8, 1945). 


NUMBER 

QUESTIONED 

CAL- 

ORIES 

PRO- 

TEIN 

FAT 

CHO Ca 

Fe 

VIT. A 


B2 

NIACIN C 



gm 

gm 

gm gm 

mg 

I U. 

mg 

mg 

mg 

mg 



1 poor class district: 

May 9, 1945 





27 

1044 

46 

5 

204 0.5 

8 

2600 

0.9 

0.9 

13 

164 



5 poor class districts: June 1- 

8, 1945 





152 

1851 

53 

45 

243 0.7 

12 

6440 

1.2 

1.3 

9 

85 



4 middle class districts; June 1~8, 1945 




77 

1965 

58 

48 

268 0.6 

15 

9840 

1.4 

1.4 

12 

100 



1 upper class district: 

June 1-8, 1945 




21 

2360 

74 

77 

345 1.0 

17 

12900 

2.0 

1.6 

13 

169 


monthly periods were obtained by the household science 
teachers. October, 1944, February and April, 1945, were 
chosen upon the advice of city authorities to represent suc- 
cessively the period preceding extreme food shortage, the 
winter period of hunger, and the period of extreme starvation 
prior to liberation. Average food consumption, as shown in 
figure 1, decreased from about 1700 Cal. to 1400 Cal. from the 
fall of 1944 to the spring of 1945 and then fell abruptly to 
about 1000 Cal. at the time of liberation as estimated by the 
rapid survey on May 9, 1945. 

Although all food consumption data obtained through diet- 
ary questioning are subject to considerable error it should be 
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noted that the values obtained parallel the actual published 
official rations for the same periods. In a test of accuracy held 
in Paris a few months previous to this work, the dietary ques- 
tioning technique used in the surveys was found to yield 
results within 10% of actual consumption figures. 


AVERAGE DAILY POOD CONSUMED 
AND RATIONED. ROTTE RDAM ADULTS. 



SUMMARY 

Clinical, biochemical, and dietary data obtained in 2 nu- 
tritional surveys of Rotterdam, Holland, on May 9, 1945, and 
May 29 to June 8, 1945, are presented. A total of nearly 3000 
people were examined. 

In physical appearance 86% were classified as thin, very 
thin or emaciated in the early survey, and approximately 
50% in the detailed survey 1 month later. Weight loss aver- 
aged about 25 pounds in the 19- to 59-year age group and 
40 pounds in those over 60 years of age. 

Symptoms of weakness, fatigue, diarrhea, muscle pain and 
paresthesia were prevalent, especially in the aged. 

Papillary atrophy, pallor and follicular hyperkeratosis were 
common clinical findings. 

Hunger edema was present in 20% of the people from poor 
class districts in the early survey, and in 3% and 12% of the 
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19- to 59-year age group and those over 60 years of age, re- 
spectively, in the later study. 

Hemoglobin and total serum protein values averaged 12 to 
14 gm per 100 ml and 7.0 to 7.5 gm per 100 ml, respectively. 

Estimates of daily food consumption in 3 successive periods 
prior to the surveys were 1700, 1400, and 1400 Cal., respec- 
tively. The survey of May 9, 1945, indicated a further reduc- 
tion in food consumption to an average intake of about 1000 
Cal. The dietary consisted mainly of bread, potatoes, sugar 
beets and other vegetables. Considerable quantities of Allied 
food supplies were being distributed at the time of the second 
survey and the food consumption then averaged 2000 Cal. 
per day. 
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THE INFLUENCE OF AUTOCLAVING SOYBEAN 
OIL MEAL ON THE DIGESTIBILITY 
OF THE PROTEINS 1 

BOBEBT JOHN EVANS, JAMES McGINNIS AND J. L. ST. JOHN 
IHvisionfi of Chemistry and Poultry Husbandry, Washington 
Agricultural Experiment Stations, Pullman 

(Beceived for publication November 12, 1946) 

That heating influences the nutritive value of soybean pro- 
teins has been recognized for several years. Evans and Mc- 
Ginnis (’46) reviewed the literature on this problem. They 
also presented additional data showing that moderate heating 
of raw soybean oil meal ^ increased its nutritive value for 
the growing chick. However, when such a meal was autoclaved 
at 130°C. for 30 or 60 minutes, the nutritive value was de- 
creased. Ham and Sandstedt ( ’44) and BovTnan ( ’44) have 
reported the presence of a trypsin inhibitor in soybean oil 
meal which is destroyed by heat. They believe that destruc- 
tion of this enzyme inhibitor by heating accounts for the 
increased nutritive value of heated soybean oil meal. Evans 
(’46) studied the influence of autoclaving soybean oil meal 
on the liberation of amino groups from the soybean oil meal 
by different enzymes and enzyme combinations and found 
that when trypsin or trypsin and erepsin were used, a marked 
increase in digestibility resulted from autoclaving the soybean 
oil meal at 100° C. for 30 minutes. When treatment with 

' Publi«hed as Scientific Paper no. 693, College of Agriculture and Agricultural 
Experiment Stationa, Institute of Agricultural Sciences, State College of Wash- 
ington, Pullman, Washington. 

*The raw soybean oil meal used by Evans and McGinnis ('46) and that used 
in the present study was prepared by grinding solvent-extracted soybean flakes in 
a hammer mill followed by a thorough mixing. 
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pepsin preceded these digestions, no differences were ob- 
served. In all cases, autoclaving at 130° C. for 60 minutes very 
markedly decreased the liberation of amino groups by any 
of the enzyme combinations. 

It was felt desirable to study further the digestibility of 
soybean oil meal proteins as influenced by autoclaving. The 
criteria chosen were digestibility of the proteins and sulfur 
compounds. The sulfur digestibility was considered to be 
especially important since Almquist, Mecchi, Kratzer and 
Grau (’42) believed methionine to be the principal growth 
limiting deficiency in soybean proteins. It is the purpose of 
the present paper to report the influence of the autoclaving 
of soybean oil meal upon the digestibility of total protein, 
the sulfur-containing proteins, the cystine-containing pro- 
teins, and the methionine-containing proteins as determined 
by the quantity of protein, sulfur, cystine and methionine 
remaining in the undigested protein fraction. Three digestion 
procedures were used: (1) the chick, (2) in vitro pepsin, 
trypsin, and erepsin, and (3) in vitro trypsin, and erepsin. 
Using chick data as a standard, comparisons were made with 
the 2 in vitro digestion procedures in an attempt to determine 
which most nearly approached the chick digestion. Two com- 
parisons were made: (1) of the actual percentage of un- 
digested protein and (2) of the effect of autoclaving on the 
raw protein. A graph in which the percentage of undigested 
protein is plotted against the autoclaving temperature best 
shows this second comparison. If the graph of one of the 
in vitro enzyme digestions parallels that for the chick diges- 
tion the 2 may be saifl to be affected similarly by the auto- 
claving treatment of the soybean oil meal. Such a parallel 
between curves is most readily shown by means of a coeflScient 
of correlation calculated from the data presented in table 1 
between the protein of the 6 soybean oil meals not digested 
by the chicks and that not digested by either of the in vitro 
enzyme combinations. For each coefficient of correlation 6 
values (1 from each soybean oil meal) for the enzyme digests 
were correlated with 6 group values for chick digestion. 
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EXPERIMENTAL 

This experiment is a continuation of the work reported 
earlier by Evans and McGinnis (’46). The data reported in 
the present paper were obtained from the 6 groups of 15 
chicks each that received, in addition to the basal diet, 0.2% 
choline and were designated as groups 4 to 9 in the earlier 
study. Evans and McGinnis (’46) have described the methods 
of preparing the soybean oil meals, the diets fed, care of 
chicks, and collection of the droppings for chemical analyses. 
Each group of chicks was considered as a unit in the balance 
studies. All nitrogen determinations were made by the 
Kjeldahl-Gunning- Arnold method (A.O.A.C., ’45). Uric acid 
nitrogen was determined by the method of St. John and John- 
son ( ’31). Total sulfur was determined as described by Evans 
and St. John ( ’44), and organic sulfur as described by Evans 
and Greaves (’37). Cystine and methionine were determined 
by the ditferential oxidation procedure (Evans, ’45b). 

The nitrogen precipitated from the droppings by trichloro- 
acetic acid minus the uric acid nitrogen in the droppings was 
considered to be the nitrogen not digested by the chick. It 
was necessary to subtract the uric acid nitrogen from the 
trichloroacetic acid precipitated nitrogen because uric acid is 
insoluble in acid solutions. Undigested organic sulfur, 
cystine and methionine were considered to be the amounts of 
these materials in the droppings precipitated by or insoluble 
in a 5% solution of trichloroacetic acid. To determine the 
trichloroacetic acid precipitated fraction 2.0 gm of the drop- 
pings were suspended by stirring with 50 ml of 5% trichloro- 
acetic acid. The insoluble material was filtered on a no. 42 
Whatman Filter Paper, washed 3 times with hot water con- 
taining a little trichloroacetic acid and the desired determina- 
tion made on the residue. From the nitrogen intake of the 
group from the total diet, during the 1 week duration of the 
experiment, and the amount of undigested nitrogen in the 
droppings from the group, the per cent of nitrogen in the diet 
that was not digested was calculated. Similar calculations 
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were made to determine the per cent of the organic sulfur, 
cystine and methionine in the undigested protein fraction. 

In vitro enzyme digestions were carried out as described by 
Evans (’46) using pepsin, trypsin and erepsin as 1 enzyme 
combination, and trypsin and erepsin as the other. Trichloro- 
acetic acid precipitations were made of these digests as 
described by Evans (’46). The per cent glutelin in the dif- 
ferent heat-treated soybean oil meals was determined by the 
method of Lund and Sandstrom ( ’43). 

RESULTS AND DISCUSSION 

The influence of the autoclaving of soybeaii oil meal on 
the digestibility of protein is shown in table 1. In calculating 
the percentage of protein in the soybean oil meal not digested 
by the chick, the assumption was made that all of the un- 
digested protein was from the soybean oil meal and that 
protein from all other sources was completely digested. The 
validity of this assumption may be questioned, but it is reason- 
able to assume that the same percentage of protein from the 
other sources (5% brewer’s yeast and 5% gelatin) was 
digested by all groups. The same method of calculation was 
used for organic sulfur, cystine sulfur and methionine sulfur. 

Autoclaving raw soybean oil meal at 100-130°C. for 30 
minutes increased digestion of the proteins by the chick and 
by trypsin and erepsin in vitro, but did not increase protein 
digestion by pepsin, trypsin and erepsin in vitro. Autoclaving 
at 130° C. for 60 minutes, in all cases, decreased protein 
digestion from that obtained after less severe autoclaving, 
A comparison of the per cent total protein not digested by 
the chick and that not digested by in vitro enzyme combina- 
tions shows that the chick digestion in magnitude more nearly 
approached that of pepsin, trypsin, and erepsin in vitro than 
that of trypsin, and erepsin. The chick digested the protein 
less completely than pepsin, trypsin, and erepsin in vitro and 
more completely than trypsin and erepsin in vitro, A highly 
significant coefficient of correlation of -f 0.998 between the 
soybean oU meal protein not digested by the chick and that 
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TABLE 1 

The ncr 'of aiitotlavhig soybean meal on the digestibility of the proteins. 


Heat treatment of soybean oil meal 


Time, minutes 

none 

30 

30 

30 

30 

60 

Temperature, °C. 

none 

100 

110 

120 

130 

130 

Protein digestibility data with 

the ehicl' * 



Nitrogen intake from soybean 







oil meal, gm 

22.6 

45.2 

38.8 

43.1 

31.1 

21.8 

Nitrogen ppt. from droppings 







bv trichloroacetic acid, gin 

16.9 

30.0 

25.7 

25.4 

20.5 

14.8 

Uric acid nitrogen, gm 

11.7 

24.8 

21.7 

21.2 

16.9 

11.3 

Undigested nitrogen,- gm 

5.2 

5.2 

4.0 

4.2 

3.6 

3.5 

TTridigested protein in soybean 







oil meal,** % 

23.0 

11.5 

10.3 

9.7 

11.6 

16.1 

Soybean oil meal protein not digested by in 

VltlO 1 

enzyme digestion 


Pepsin, trypsin, erepsin, % 

10.9 

6.7 

7.8 

10.2 

11.0 

20.7 

Trypsin, erepsin, % 

34.9 

15.9 

12.5 

12.4 

15.4 

23.1 

Organie sulfur digestibility data with th 

e ehich 



Organic sulfur intake from 







soybean oil meal, gm 

1.16 

2.31 

1.98 

2.20 

1.59 

1.11 

Organic sulfur ppt. from 







droppings by tricliloro* 







acetic acid, gm 

0.57 

0.74 

0.68 

0.65 

0.54 

0.49 

Undigested organic sulfur 







in soybean oil meal,'* % 

49.1 

32.0 

34.3 

29.5 

34.0 

44.1 

Organic sulfur in soybean oil meal protein 

not digested by 

in vitro enzyme digestion 

Pepsin, trypsin, erepsin, 

19.4 

24.4 

23.6 

31.3 

29.2 

40.8 

Trypsin, erepsin, % 

45.6 

28.1 

26.0 

27.5 

29.4 

38.2 

Custxne digestibility 

data with 

the ehich 



(Vstine sulfur intake from 







soybean oil meal, gm 

0.71 

1.42 

1 .22 

1.35 

0.98 

0.68 

(Vstine sulfur ppt. from 







droppings bv trichloroacetic 







acid, gm 

0.46 

0.64 

0.56 

0.58 

0.49 

0.39 

Undigested cystine sulfur in 







soybean oil meal,' % 

64.8 

4.5.1 

45.9 

43.0 

50.0 

57.4 

Cifstine in the soybean oil meal protein not digested by in vitro eit 

zyme digestion 

Pepsin, trypsin, erepsin, % 

21.2 

29.9 

28.1 

35.1 

40.7 

49.8 

Trypsin, erepsin, 9^ 

50.6 

35.9 

33.8 

30.3 

32.0 

41.6 

Methionine 

digestibility data with the 

ehich 



Methionine sulfur intake from 







sovlxian oil meal, gm 

0.45 

0.89 

0.76 

0.85 

0.61 

0.43 

Methionine sulfur ppt. from 







droppings by trichloroacetic 







acid, gm 

0.10 

0.06 

0.08 

0.0.5 

0.04 

0.11 

Undigested methionine sulfur 







in soybean oil meal," % 

22.2 

6.7 

10.5 

5.9 

6.6 

25.6 

Methionine in the soybean oil meal protein not digested by 

in vitro enzyme digestion 

Pepsin, trypsin, erepsin, 9^ 

16.4 

15.8 

16.4 

25.3 

16.4 

26.7 

Trypsin, erepsin, 9r 

37.7 

1.5.8 

13.7 

23.3 

25.3 

32.9 


* Each group coutaiiied 15 chicks. 

* Undigested nitrogen was the nitrogen iirecipitated by trichloroacetic acid minus 
the uric acid nitrogen. 

* These values are calculated by making the assumption that all of the protein 
(nitrogen) other than that from the soybean oil meal was completely digested and 
hence that all of the undigested protein Avas from the soybean oil meal. 
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not digested by trypsin and erepsin in vitro and a non-sig- 
nificant correlation -f- 0.364 between the protein not digested 
by the chick and that not digested by pepsin, trypsin, and 
erepsin in vitro were obtained. These data indicate that, 
although in most cases the percentages of protein not digested 
by the chick were closer to the pepsin, trypsin, and erepsin 
values, because of the raw meal if the values are plotted 
against heat treatment the chick curve more nearly ap- 
proaches the trypsin and erepsin curve. These data are inter- 
esting in view of the statement by Schoening (’39) : “Strictly 
speaking, there is no true gastric digestion in the fowl such 
as is common to mammals.’’ A poor pepsin activity in the 
chicken might well be expected. It appears probable, however, 
that some pepsin activity or other activity may be present 
in the chick because of greater digestion by the chick than by 
the enzymes trypsin and erepsin alone. 

Data are presented in table 1 on the influence of autoclaving 
soybean oil meal on the per cent of the organic sulfur remain- 
ing in the undigested protein fraction. Autoclaving the raw 
meal for 30 minutes at 100-130°C. increased digestibility of 
the sulfur containing proteins for the chick and for trypsin 
and erepsin in vitro, but decreased it for pepsin, trypsin, and 
erepsin in vitro. Autoclaving for 60 minutes at 130°C. in all 
cases gave a soybean oil meal in which more of the sulfur 
was present in the undigested protein than when the meal was 
autoclaved less drastically. In vitro enzyme digestion with 
trypsin and erepsin or with pepsin, trypsin, and erepsin 
(1 exception) gave more complete digestion of the sulfur com- 
pounds than did digestion by the chick. In magnitude the 
in vitro trypsin and erepsin digestion more nearly cor- 
responded to the chick digestion. A coefficient of correlation 
between organic sulfur not digested by the chick and that not 
digested by in vitro trypsin and erepsin digestion of + 0.959 
was obtained. A value of 0.917 was necessary for the results 
to be highly significant. The correlation coefficient between 
in vitro pepsin, trypsin, and erepsin digestion and digestion 
by the chick was -f 0.031. Autoclaving soybean oil meal for 
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30 minutes at 100° C. decreased the amount of organic sulfur 
in soybean oil meal not digested by the chick from 49% to 
32%. This is of interest since Johnson, Parsons and Steen- 
bock ('39) observed no differences in digestibility of sulfur 
compounds in raw and cooked soybean oil meals, as deter- 
mined by sulfur balance determinations with adult rats. Evans 
and McGinnis (’46) observed an increase in retention of or- 
ganic sulfur as a result of autoclaving raw soybean oil meal. 
It appears, therefore, that the adult rat may be able to digest 
the sulfur containing proteins of raw soybean oil meal to a 
greater extent than can the growing chick. This might be due 
to differences between the type of protein digestion that 
prevails in the growing chick as compared to the adult rat. 
Pepsin in the adult rat might digest sulfur-containing proteins 
that would otherwise not be acted upon. This could well be 
explained on the basis of a digestion by pepsin of the trypsin 
inhibitor present in soybean oil meal which was shown by 
Kunitz ( ’45) to be a protein. Ham, Sandstedt and Mussehl 
(’45) demonstrated that the trypsin inhibitor when added to 
chick diets retarded growth of the chicks. McGinnis and 
Menzies (’46) showed that in vitro papain digestion improved 
the nutritiv’e value of raw soybean flakes as effectively as did 
autoclaving for chicks. Carver, McGinnis, McClary and Evans 
(’46) observed equally good egg production of hens receiving 
raw and those receiving beat-treated soybean oil meal as the 
protein concentrate. 

Data concerning the influence of autoclaving soybean oil 
meal on the per cent of the total cystine and methionine in the 
undigested protein fraction are presented in table 1. Auto- 
claving the raw soybean oil meal at 100-130°C. for 30 minutes 
increased digestibility of the cystine and methionine-contain- 
ing proteins for the chick and for trypsin ard erepsin in vitro. 
Digestibility of the cystine-containing proteins for pepsin, 
trypsin and erepsin in vitro was decreased by autoclaving, but 
the digestibility of the methionine-containing proteins by this 
enzyme combination was not affected except at highei’ auto- 
claving temperatures which in 2 cases decreased digestibility. 
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A highly significant coefficient of correlation of -f 0.936 be- 
tween cystine sulfur of soybean oil meal not digested by the 
cliick and that not digested by trypsin and erepsin in vitro 
was obtained. Low correlation (-+- 0.108) was observed be- 
tween the chick digestion of cystine-containing proteins and 
pepsin, trypsin and erepsin digestion in vitro. As with organic 
sulfur, the in vitro digestion of cystine-containing proteins 
by trypsin and erepsin or pepsin, trj-psin, and erepsin was 
more complete than was digestion by the chick. In magnitude 
the in vitro txypsin and erepsin digestion most nearly ap- 
proached the chick digestion. Autoclaving the raw soybean 
oil meal at 130°C. for 60 minutes more than doubled the 
cystine in this protein fraction and nearly doubled tbe pro- 
tein. Also of interest was the observation that the cystine- 
containing proteins of the soybean oil meals which Avere auto- 
claA’ed at 120°O. or higher were more comp'etely digested 
in vitro by trypsin and erepsin than by pepsin, trypsin and 
erepsin, though trypsin and ei-epsin digested the uncooked 
cystine-containing proteins or those cooked at lower tempera- 
tures to a lesser extent than the pepsin, trypsin, and erepsin 
combination. No explanation for these results can be offered 
at this time although it might be in some way tied up Avith 
heat denaturation and its effect on the — SI I and — S — S — 
groups. It is recognized that heat denaturation in some Avay 
changes the actmty of these groups (Anson, ’45). 

The chick digested a larger proportion of the ingested 
methionine present in any of the soybean oil meals than was 
digested in vitro by trypsin and erepsin, and digested more 
from all of the meals except the raw one than was digested 
in vitro by pepsin, trypsin and erepsin (table 1). Tliese values 
for the chick are of especial interest because of the low per- 
CH'utage of methionine in the undigested protein fraction ex- 
cept for the raw soybean oil meal and the one that was 
autoclaved for 60 minutes at 130° C. The in vitro pepsin, 
trypsin, and erepsin values more nearly agree with the chick 
values in magnitude. A coefficient of correlation of + 0.766 
was obtained between the per cent of soybean oil meal methi- 
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onine not digested by the chick and that not digested by 
trypsin and erepsin. One of 0.811 was required for sig- 
nificance. Neither the cystine nor methionine undigested i)y 
pepsin, trypsin, and erepsin were correlated with those un- 
digested by the chick. It appears evident from the data pre- 
sented in table 1 that soybean oil meal contains a protein high 
in cystine content Vhich is poorly digested by the chick or by 
the in vitro enzyme combinations used. On the other hand, the 
percentage of the total methionine not digested by the chick 
or by in vitro enzyme digestion is in the same magnitude as 
the percentage of the total protein not digested in these ways 

TABLE 2 

21ie influence of autoclaving soybean oil meal on the nutritive laJue for chiclSf 
per cent glutelins, and amino groups liberated by in vitro enzyme digestion. 


AMINO OKOUl'S TJBKKATED 


JIKAT TREATMENT OF 
SOYBEAN 01 D MEAL 

Time Temp. 

GAIN IN 
WEIGHT 
OF CHICKS 
TO 4 
WEEKS * 

PROTEIN 
EFFICIENCY ^ 

GDCTELINS 

BY IN VITRO ENZY.M1: 
DIGKKTTON 

Pepsin, 
trypsin, 
erepsin * 

Trypsin, 
erepsin “ 

min. 

•0. 

gm 

gain/ ptofrin 

^'0 


% 

None 

76 

1.24 

25.4 

35 

22 

30 

100 

174 

1.81 

49.0 

36 

31 

30 

no 

156 

1.76 

56.7 

36 

32 

30 

120 

162 

1.66 

36.5 

37 

33 

30 

130 

120 

1.57 

18.8 

33 

28 

60 

130 

69 

1.09 

7.0 

29 

24 


^ Those values are taken from the pajier by Evans and McGinnis ( ’46). 
' These values are taken from the paper by Evans ( ^46). 


(table 1). Melnick, Oser and Weiss (’46) suggest that the 
difference in nutritive v'alue of raw and autoclaved soybean 
oil meals is due to a difference in rate of liberation of methi- 
onine. Data in table 1 indicate that the amount of methionine 
remaining in the protein fraction not digested by the chick is 
greater for raw than for properly autoclaved soybean oil meal. 

In summarizing the work to date from this laboratory with 
regard to the influence of autoclaving soybean oil meal on 
the nutritive value and digestibility of the protein, the data 
presented in table 2 are of interest. A comparison of the 
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protein efficiency, as measured by the grams gain in weight 
of growing chicks during a 4-week period divided by the 
grams of protein consumed during this period, and the amino 
groups liberated by in vitro trypsin and erepsin digestion 
of the soybean oil meal showed a coefficient of correlation of 

0.903. One of 0.811 was required for significance. A co- 
efficient of correlation of -f- 0.769 which was not significant 
was obtained between protein efficiency and amino groups 
liberated by in vitro pepsin, trypsin, and erepsin digestion. 
These values indicate that autoclaving affects soybean oil 
meal in the same way for liberation of amino groups bj’^ 
trypsin and erepsin in vitro and for efficiency of chick protein 
utilization. It would appear from these results and those pre- 
sented in table 1 that the major part of the digestive activity 
was characteristic of a trypsin and erepsin system. This 
may at least partially explain why attempts by various 
workers in the past have not shown a relation between in vitro 
pepsin digestion and true digestibility or biological value for 
soybean oil meals. Evans ( ’45a) observed no relation between 
the pepsin digestible sulfur of commercial soybean oil meals 
and their protein nutritive value for chicks. 

The per cent glutelin in 10 commercial soybean oil meals 
was shown by Evans and St. John ( ’45) to have a highly sig- 
nificant correlation with the protein nutritive values as 
measured by the gross protein value determined by the pro- 
cedure of Heiman, Carver and Cook ( ’39) when no uncooked 
soybean oil meal was included in the calculation. The values 
for per cent of protein measured as glutelin in the soybean 
oil meals studied in this experiment are presented in table 2. 
The highest glutelin value was in the meal autoclaved for 
30 minutes at 110°C. Autoclaving increased the per cent pro- 
tein measured as glutelin (soluble in 0.2% KOH solution but 
insoluble in water, 5.0% KCl solution or 70% alcohol) over 
that in the raw soybean oil meals except for the meals auto- 
claved at 130° C. for 80 or 60 minutes which contained less 
protein determined as glutelin than the raw meal. Excluding 
the raw soybean oil meal from the calculations, a coefficient of 
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correlation of + 0.887 between per cent glutelin and protein 
efficiency was obtained. A value of 0.878 was required for 
significance. Including the raw soybean oil meal in the calcula- 
tions, a coefficient of correlation of + 0.854 was obtained. One 
of 0.811 was required for significance. 

SUMMARY 

Chicks were raised to 4 weeks of age on diets supplemented 
with raw soybean oil meals which had received the following 
treatments : none, autoclaved for 30 minutes at 100, 110, 120, 
130°C. or autoclaved for 60 minutes at 130°C. The percentages 
of total protein, organic sulfur, cystine and methionine in the 
soybean oil meals not digested by the chick, by pepsin, trypsin 
and erepsin in vitro, or by trypsin and erepsin in vitro "were 
determined. The soybean oil meals which had been auto- 
claved at temperatures between 100° (\ and 120° C. for 30 
minutes were more completely digested by the chick or by 
trypsin and erepsin in vitro than the raw meal or the meals 
which had been autoclav’ed at 130° C. using undigested total 
protein, or sulfur, cystine, or methionine in the undigested 
protein as criteria. Raw soybean oil meal was in most cases 
more readily digested by pepsin, trypsin and erepsin in vitro 
than the autoclaved meals. Significant correlations were ob- 
tained between in vitro trypsin and erepsin digestion, and 
chick digestion of these soybean oil meals for undigested 
protein, organic sulfur and cystine. No significant correla- 
tions between chick digestion and in vitro pepsin, trypsin 
and erepsin digestion values were obtained. Of especial in- 
terest is the relatively high percentage of cystine in the 
soybean oil meals that wms not digested by the chick or by 
either of the in vitro enzyme digestions made. 
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INTKODrCTTOX 

Keratin is generally defined as a protein insoluble in dilute 
acid or alkali, and resistant to digestion by the common 
proteolytic enzymes. Meunier et al. (’27) however, showed 
that when wool is digested with alkali at i)H 9-10, it becomes 
partially susceptible to the proteolytic action of pancreatin, 
and Routh and Lewis (’38) demonstrated an even great(‘r 
digestion of wool by trj’^psin and pepsin after giinding in a 
ball mill. 

Recently, reports have come from several laboratoides con- 
cerning the nutritional value of powdered keratins. Routh 
(’42) used powdered wool, and later (’42a) powdered chicken 
feathers as the only source of protein in purified rations for 
rats. Growth response, although poor, was most marked when 
amino acid supplements of lysine, histidine, methionine and 

‘Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station, Supported in part by a grant from Wilson and Co., 
Chicago, 111. 

We are indebted to the Wilson Laboratories, Chicago, 111., for the liver 
products; to Wilson and Company, Cliicago, 111., for some of the keratin 8ain]>los; 
to Merck and Company, Rahway, N. J., for the synthetic vitamins; and to the 
Abbott Laboratories, North Cliicago, 111., for the supply of Haliver Oil. 
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tryptophane were included in the rations. Warner and 
Elvehjein (’43) found that powdered hog hoofs could be 
substituted for meat-scrap or fishmeal supplements in prac- 
tical poultry rations. In the nutritional experiments cited the 
keratins were prepared by grinding in a ball mill for pro- 
longed ])eriods of time. 

In this paper we wish to describe the growth of rats and 
chicks fed purified diets in which the protein was, in whole, 
or in part, keratin prepared by different methods. The effect 
of amino acid supplements on the growth of rats receiving 
certain of these keratin preparations is also presented. 

EXPEKIMENTAL 

Two-day old chicks obtained from commercial hatcheries, 
6 per group, were kept on raised wire screens in electrically 
heated cages. Weanling male rats, of the Sprague-Dawley 
strain, weighing 40 to 50 gm were kept in individual raised 
wire cages. Rations and water were fed ad libitum through- 
out the 4-week experimental period. The composition of the 
rations used is given in tables 1 and 3. In all cases the level 
of protein was varied at the expense of sucrose. 

Keratins used in this study were hog hoofs, summer hog 
hair, and chicken feathers. These proteins were prepared by 
powdering in a ball mill for 3 to 7 days. Several samples of 
hoof kei’atins were subjected to different types of grinding 
procedures. Keratin-A was powdered in a ball mill, while 
keratin -B was ground in a hammer mill and then finally 
powdered in a Wiley mill. In both these methods considerable 
heat is developed during the grinding procedure. The third 
hoof sample, keratin-C, was prepared by a process which 
rapidly pulverizes the keratin to a fine powder without heat- 
ing. All keratins were ground fine enough to pass an 80 mesh 
screen except in the experiment where particle size was 
studied. Special effort was made to determine which amino 
acids were necessary to supplement tl.e powdered hoofs (18 
and 24% levels) in order to obtain growth comparable to 
that of an equal level of casein. 
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RESULTS 

Powdered keratin as a protein source in 
chick rations 

The diets used for the chicks and the growth responses ob- 
tained are given in table 1. Group 1, which received casein 
and cartilage serves as the reference group. The growth 
obtained is representative of that produced by purified rations 

TABLE 1 


Efferl of haV mill powdered keratins on growth and survival of chicks. 
(6 chicks per group.) 


GROUP NO. 

1 

2 

3 

4 

5 

r> 

7 

8 

9 

10 

11 

Casein ’ 

18 

18 

10 





10 



18 

Cartilage 

Powdered hog hair 
Powdered hog hoofs 

10 

10 

18 

24 

.30 

30 

30 





(keratin-A) 

Powdered chicken feathers 
Powdered oat meal 
a-tocopherol mg/day/chick 






1 

5 

18 

24 

30 

10 

Sucrose 

Average weight 

54 

54 

54 

58 

52 

52 

47 

54 

58 

52 

54 

at 4 weeks ! 

244 

210 

212 

94 

110 

57 

59 

227 

157 

210 

132 

Encephalomalacia 

Gizzard erosion 

— 

+ 

+ 

-f 

+ 

— 

— 


— 

— 

— 

Slight 

3 






4 


1 

1 

3 

Moderate 

3 

6 

2 

6 


0 

o 


2 

4 


Severe 

Number dead at 



4 


3 




3 

1 

3 

4 weeks 


1 

2 

1 

3 








* All rations contained in addition to the above listed constituents: brewer’s 
yeast, 5%; soybean oil, 5%; Salts IV, 4%; solubilized liver powder, 29#^; cod 
liver oil, 2% ; and vitamin supplements i>er kilo of ration as follows: thiamine 
hydrochloride, 3 mg; riboflavin, 3 mg; pyridoxine hydrochloride, 3 mg; calcium 
pantothenate, 15 mg; choline hydrochloride, 1.5 gm. 

of this tjTie. Powdered hog hair at levels of 24% or 30% of 
the ration produced poor growth (groups 4 and 5). Feather- 
ing of chicks fed this protein was only fair. High levels of 
powdered hog hair tended to cause the occurrence of nutri- 
tional encephalomalacia. When casein was combined with 
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hog hair in a ration at 18% and 10% (group 2), or at 10% 
and 18% (group 3), respectively, good growth was obtained. 
Encephalomalacia still occurred with these protein combina- 
tions but the incidence decreased as the percentage of pow- 
dered hair was reduced. Pappenheimer et al. ( ’39) were able 
to prevent the incidence of encephalomalacia in chicks fed 
purified rations by oral administration of small quantities of 
a-tocopherol. Two additional groups were fed 30% powdered 
hair ; 1 group received oral supplements of 1 mg a-tocophcrol 
per chick per day, and the other group was fed 5% powdered 
oats as a natural source of vitamin E. None of the chicks in 
these 2 groups exhibited any signs of encephalomalacia. The 
^owth rate was only about half that obtained in group 5 
but the hair used for groups 6 and 7 was ground for 6 days 
and this long grinding may have been responsible for the 
reduced growth. Group 11 included 10% chicken feathers and 
18% casein as the protein source. Growth was only about 
half that obtained in the reference group even though the 
level of casein was not reduced. Feathering of chicks on this 
ration was very poor. 

Poor growth resulted when powdered hoofs were fed at a 
24% level (group 9) but when the level was increased to .30% 
(group 10), good growth was obtained. When 18% of pow- 
dered hoofs was combined with 10% of casein, the response 
obtained closely approximated the maximum gi’owth of chicks 
fed the casein-cartilage reference ration. At all levels of 
hog hoofs used in these studies, good feathering was observed. 

The gizzards of chicks fed the above-mentioned keratins 
were examined for erosion. Gizzards were graded according 
to the severity of the lesions as slight, moderate, or severe. 
It was not possible to use complete prevention of gizzard 
erosion as a criterion, since chicks under 6 weeks of age 
rarely have gizzards entirely free of lesions. Powdered hog 
hair consistently caused moderate to severe erosion of the 
gizzard. The majority of the fissures found were parallel to 
the normal folds of the linings. Chicken feathers were variable 
in their effect, but the severity of the lesions consistentlv fol- 
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lowed the poor feathering of the birds fed this protein. Giz- 
zards of chicks fed powdered hog hoofs were comparative. y 
free of erosion and compared favorably with the gizzards of 
chicks fed the reference ration. 

During the course of these studies, a question arose as to 
what role the particle size of powdered keratin might play 
in the growth of chicks. It had been noticed that when keratins 
wei’e powdered for long periods in a ball mill, the nutritive 
quality of the protein was materially decreased. An experi- 
ment was carried out in which powdered hog hoofs which 
passed screens with mesh sizes of 10, 20, 40, 60 and 80 were 
included in the ration at a level of 30% (table 2). One series 

TABLE 2 

Effect of (liffrrrvi methods of grinding Tceratin on the growth of chicks^ (gm 
gained in 4 wlcs.; 6 cliicVs per group). 


MKHU felZK 

10 

20 

40 

00 

so 

Hog hoofs powdered in 
ball mill (keratin-A) 


96 

60 

88 

IL’5 

Hog hoofs ground successively 
in hammer and Wiley mills 
(keratin-B) 

134 

141 

140 

158 

160 


' Hog hoofs at .‘i0% of ration constituted the sole protein. 

of chicks received hoofs powdered in a hall mill (keratin-A) 
while the second series was fed powdered hoofs prepared in 
a hammer and a Wiley mill (keratin-B). That destructive 
action takes place in the ball mill is clearly demonstrated by 
the poor growth of chicks fed this product, regardless of the 
particle size. Hoofs powdered in the Wiley mill gave the best 
results when chicks were fed the material passing the 80 mesh 
screen. A gradual decrease in growth response was noted as 
the particle size was increased. 

Powdered keratins as a source of protein 
for the growing rat 

Results obtained when rats were fed rations in which 
keratin was used as the source of protein are given in table 3. 
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A group without any protein (R-I) and one given 18% casein 
(R-Il) are included for reference. 

When powdered hog hair was fed at a level of 18% of 
the ration (R-V) the rats showed a growth of only 6 gm in 4 
weeks. Tlie animals fed rations in which casein replaced one- 
third (R-IV) or one-half (R-lII) of the hair showed greatly 
increased growth, although the response did not approach the 
rate obtained with animals which received 18% of casein. 


TABLE 3 

Effect of powdered keratins (hall milled) on growth of rats. (6 rats per group.) 


RATION (R)^ 

1 

11 

in 

iv 

V 

VI 

vn 

vni 

IX 

Cssein 


18 

9 

6 


9 




Powdered hog 
hair 



9 

12 

18 





Powdered hog 
hoofs 






9 

12 

18 

24 

Sucrose 

89 

71 

71 

71 

71 

71 

71 

71 

71 

Gm gained 
in 4 weeks 

— 15 

139 

109 

101 

6 

133 

123 

55 

60 


' AH diets contained in addition to the above listed constituents; Salts IV, 4%; 
corn oil, 5% ; liver powder 1-20, 2% ; and vitamin supplements per kilo of ration 
as follows; thiamine hydrochloride, 2 mg; riboflavin, 1 mg; pyridoxine hydro- 
chloride, 3 mg; calcium pantothenate, 20 mg; choline chloride, 1 gm. Each rat re- 
ceived 1 drop of Haliver Oil per week. 


When hoofs powdered in a ball mill were used as the sole 
source of protein at a level of 18% in the ration (R-VIII), a 
growth response of 55 gm was obtained in 4 weeks. The rate 
of growth is poor as compared with that obtained with 18% 
of casein but markedly better than that obtained with the 
same level of powdered hair. When the level of powdered 
hoofs was increased to 24% of the ration (R-IX) little im- 
provement in growth resulted. With .protein at 18% of the 
ration, substitution of one-third of the powdered hoofs with 
casein (R-VII) resulted in moderate growth, while a com- 
bination of 9% of hoofs and 9% of casein, (R-VI), produced 
growth approaching that obtained with 18% of casein. 
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Effect of method of preparation and of amino 
acid supplements on the graudh of rats 
fed powdered hog hoofs 

In these studies the rations were patterned after those 
described in table 3. Groups 1 and 2 receiving 18% and 24% 
of casein (lines 1 and 2, table 4), served as optimum reference 
groups. 

TABLE 4 

Growth response of rats to hog hoofs prepared hy different methods. 

(3 rats per group.) 


RATION AND SUPPLBMKNTS 


OM OAINKP IN 4 WEEKS ON : 
Kfratin-A * Keratin-C * 


1 

18% Casein 


134 

2 

24% Casein 


143 

3 

187c Hog hoofs (R VIII) 

40 

66 

4 

24%, Hog hoofs (R IX) 

42 

112 

5 

30% Hog hoofs 

112 

130 

6 

40% Hog hoofs 


140 

7 

R VIII plus 0.6% lysine, 0.1% tryptophane, 




0.3% methionine, 0.6% cystine 

27 


8 

R VIII plus 0.6% lysine, 0.3% methionine, 




0.6% cystine, 0.4% histidine 

95 


9 

R VIII plus 0.1% tryptophane, 0.3% methionine. 




0.6% cystine, 0.4% histidine 

91 


10 

R VIII plus 0.6% lysine, 0.1% tryptophane. 




0.3% methionine, 0.4% histidine 

109 

124 

11 

R IX plus amino acids as in 10 


136 

12 

R VIII plus 0.6% lysine, 0.2% tryptoiihane, 




0.3% methionine, 0.4% histidine 


121 

13 

R IX plus amino acids as in 12 


128 

14 

R VIII plus 0.6% lysine, 0.2% tryptophane, 




0.6% methionine, 0.4% histidine 


121 

16 

R IX plus amino acids as in 14 


136 

16 

R IX plus 0.6% lysine, 0.2% tryptophane, 




0.6% methionine, 0.4% histidine, 

0.4% phenylalanine 


137 

17 

R IX plus 0.6% lysine, 0.05% tryptophane, 




0.3% methionine, 0.3% histidine, 

0.3% phenylalanine 


118 


* Powered in a ball mill. 

* Powdered with little or no heat production. 
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Data from the chick experiments indicate that there is a 
difference in the nutritive quality of keratins, dependent upon 
the method of preparation. As in the earlier experiments, 
growth of rats fed hoofs at an 18% level was poor. How- 
ever, keratin-C (powdered with no heat production) gave a 
55% better growth response than did keratin- A (powdered 
in a ball mill). When the level of hoofs was raised to 24% 
a more marked difference between the 2 keratin preparations 
could be noted. When keratin-C was included in the ration 
at 30%, a gro^\i;h rate which approximated that obtained with 
18% casein was obtained. Only rather moderate growth re- 
sulted when rats were fed keratin-A at this level. At 40% 
of the ration keratin-C produced growth comparable to that 
obtained with 24% casein. The hair coat of animals fed 
powdered hog hoofs was always lieavy and glossy. At no 
time was there any indication of toxicity due to the feeding 
of high levels of keratin. 

The necessity of feeding such high levels of keratin (30% 
to 40%) suggested that certain essential amino acids are 
probably present in limited amounts. This view is substanti- 
ated by the data of Routh ( ’42, ’42a) which indicate that 
tryptophane, methionine, lysine and histidine are necessary 
supplements to diets where powdered wool or feathers supply 
the protein. In this laboratory amino acid supplements of 
0.6% lysine, 0.1% tryptophane, 0.3% methionine and 0.6% 
cystine to ration R-VIII (line 7, table 4) produced a decrease 
in growth as compared with that obtained with 18% of 
kcratin-A alone. Substitution of 0.4% histidine for the trypto- 
phane produced a marked improvement of growth. The com- 
bination of tryptophane, methionine, cystine and histidine 
resulted in the same rate of growth. Elimination of cystine 
and use of the 4 amino acids, lysine, tiyptophane, methionine 
and histidine, found most efficient by Routh in supplementing 
wool protein, gave the best growth. When keratin-C was in- 
creased to 24%, and the same amino acids used as before 
(Une 11), young rats grew at a rate comparable to that pro- 
duced by 18% of casein. No improvement was obtained with 
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R-VIII when the tryptophane (line 12) or the methionine 
(line 14) supplements were increased 100%. When these in- 
creased amino acid supplements were added to R-IX (lines 
13 and 15), growth as good as that demonstrated in line 11 
was obtained. Microbiological assay of keratin-C suggested 
that the amount of phenylalanine present was at a critical 
level if the protein were fed at 18% or even 24% of the ration. 
However, when 0.4% phenylalanine was added to E-IX, in 
addition to methionine, tryptophane, lysine and histidine (line 
16) growth was the same as that obtained in line 11. 

After examination of the amino acid values tabulated by 
Block and Bolling ( ’45) for horn keratins, calculations were 
made to determine the level of essential amino acids furnished 
by powdered hoofs when fed at 24% of the ration. These 
estimates suggested that if supplements of 0.6% lysine, 0.05% 
tryptophane, 0.3% methionine, 0.3% histidine and 0.3% 
phenylalanine were made to R-IX, a growth response com- 
parable to that of 18% casein would be obtained. This ex- 
pected response was not achieved since growth (line 17) was 
only slightly better than when unsupplemented B-IX was fed 
(line 4). These results may indicate that the portion of the 
amino acids supplied by powdered hoofs was only partially 
available. 


DI§CU88IOX 

The data presented indicate that rats and chicks are able to 
utilize powdered keratins although the origin and method 
of preparation markedly affect the biological value of these 
proteins. Hoofs gave the best growth response in both rats 
and chicks, while hair was definitely inferior. Feathers ap- 
peared to be the least suitable nutritional material of the 
3 keratins tried. 

The preparation of this type of protein also greatly in- 
fluences its nutritional value. Data on the effect of particle 
size on the growth of chicks are presented and similar results, 
not tabulated, were obtained with rats. Not only must the 
product be finely divided but the method of bringing about 
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this breakdown is very important. Fineness of division ap- 
pears necessary to speed enzymatic hydrolysis and prolonged 
grinding appears to produce nutritionally undesirable 
changes, possibly as a result of heating. Routh and Lewis 
( ’38) have shown that inorganic sulfates not originally pres- 
ent in wool are produced by the prolonged ball mill grinding, 
and they suggest that these are oxidation products. Hog hoof 
keratin was the most intensively investigated but if methods 
are developed to reduce hair or feathers to sufficient fineness 
without producing undesirable changes, these keratins might 
become more valuable. 

Ball mill grinding appears to be destructive from both 
mechanical and chemical standpoints. Briggs et al. (’42) have 
shown that erosion of the gizzard may occur when there is 
an insufficient supply of glycine, arginine, and cystine in the 
chick ration. The severity of gizzard erosion in chicks which 
received hair would imply that the amino acids present in 
adequate amounts in the original hair were not available to 
the chick. When fed powdered hair numerous chicks de- 
veloped encephalomalacia which was cured to a-tocopherol. 
Why this condition developed on powdered hair and not on 
other keratins is not clear. 

Substantial growth was obtained when ball milled hog hoofs 
were fed to rats and chicks at 30% of the ration. The spe- 
cially ground hoofs at this level supported growth equal to 
that of 18% of casein. With supplements of lysine, trypto- 
phane, methionine, and histidine, 18% of hog hoofs gave 
growth which also approximated that obtained with casein. 
Data, not tabulated here, have established that omission of 
any one of the 4 amino acids results in growth no better than 
that obtained without supplementation. 

Because of the physical changes brought about when kera- 
tins are powdered, the practical application of new protein 
sources should not be overlooked. This work confirms the 
suggestions of Routh (’42) and Wagner and Elvehjem (’42), 
and indicates that careful preparation of keratinous material 
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offers a means whereby waste protein of high nutritive quality 
may be adapted for use in animal feeds. 

SUMMARY 

Finely powdered keratins have been studied as possible pro- 
tein sources for growing rats and chicks. When chicks or rats 
were fed purified rations which contained 30-40% of pow- 
dered hoofs, substantial growth was obtained. High levels of 
powdered hog hair in chick rations allowed moderate growth 
but usually produced an encephalomalacia unless sources of 
vitamin E were present. Powdered chicken feathers allowed 
only poor growth. 

In genera], the rates of growth obtained with chicks and 
rats fed rations containing these keratins show a positive 
correlation with the degree of subdivision of the keratin. 
The use of a ball mill for grinding the keratin was not as 
effective a method as one in which heating was prevented. 
When the lower levels of powdered hoofs were supplemented 
w’ith lysine, tryptophane, methionine, and histidine, good 
growth was obtained. 
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Osl)onie, Mendel and Ferry (’19) originally proposed the 
use of “grains gain per gram of protein eaten” (protein effi- 
ciency) as a measure of the nutritive value of proteins for 
growing rats. This index combined the 2 variables of food 
intake and gain in weight into a single figure and thus was 
thought to be a superior measure of nutritive value than the 
simple measurement of either variable alone, that is, gain in 
weight or food intake. In subsequent years, protein effi- 
ciency has gained wide acceptance as a measure of the nutri- 
tive value of proteins. / 

! In the original paper, and subsequently, it was clearly 
shown that the level of the protein in the diet affects the 
value obtained for the protein efficiency. With increasing 
levels of protein, it reaches a maximum and then slowly de- 
clines. Osborne et al. proposed that the level of maximum 
efficiency be determined for each protein. In practice, how- 
ever, most authors including the originators fed various pro- 
teins at arbitrary levels and compared the protein efficiency 
values thus obtained. 

*Suyiported in part by a grant-in-aid from The American Meat Institute, Chi- 
cago, Til. 
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’ Mitchell (’24, ’42) has criticized this method on various 
scores, principally on the basis that the composition of the 
body gains may not be constant and that no credit is given to 
the protein for maintenance. He has observed (Mitchell, ’24) 
that in general animals with larger food intakes tend to show 
the highest protein efficiency “although the correlation is not 
particularly close. ’ ’ ' 

It is remarkable in view of the wide acceptance of the 
method as a measure of the nutritive value of proteins that 
the relation between gain in weight and protein efficiency 
appears not to have been carefully analyzed. 'In studies on 
the value of various supplements to white flour conducted in 
this laboratory, the calculation of protein efficiency appar- 
ently added no additional information over the simple measure 
of body weight. These studies and an additional experiment 
designed to study the relation of protein efficiency to gain in 
weight are reported in this paper. 

; ' , f ' EXPE^IME^AL 

All of the studies were made with young male rats obtained 
from the same breeder. Their average weight at the time the 
various studies were started was approximately 45 gm. Groups 
of 5 or 6 rats were fed each ration ad libitum. The white flour 
was always of the same brand but 2 lots were used which con- 
tained 13.3% and 14.4% protein (NX 6.25). The protein sup- 
plements were commercial products. 

All of the diets contained 12% protein (N X 6.25). In the 
studies on white flour, the protein was supplied by appro- 
priate amounts of the supplement and flour) Mixtures of casein 
and wheat gluten supplied the protein in the other experiment. 
3alt mixture 4% (Hegsted et al., ’41), K2HPO4, 0.5%, corn 
oil 4% * were always added and the ration completed with 
sucrose. Crystalline thiamine, riboflaviil, pyridoxine, calcium 
pantothenate, nicotipic acid, and choline chloride * were added 
to all rations in the amounts reported previously (Hegsted 

*8upi)lied by the Corn Industries Besearch Foundation^ New York, N. Y. 

•Supplied by Merck and Co., Rahway, N. J. 



PROTEIN EFFICIENCY AND WEIGHT GAIN 


687 


et al., ’44), and 1 drop of haliver oil containing viosterol was 
given twice weekly to each rat. Each experiment was con- 
tinued for 3 weeks. 

/ Pood consumption records were made by weighing the 
amount of food given and the amount left or spilled each day. 
Small food cups containing the ration were placed inside of 
larger dishes and papers underneath the cages recovered any 
spilled ration., 

RESULTS 

Figure 1 shows the average gain in weight and protein effi- 
ciency of the group of animals which received white flour 
alone or wdiite flour aud varying amounts of skim milk powder, 



Fig. 1 Average gain in weight and protein efficiency of the groups of rats 
receiving white flour and white flour plus supplements. The figures on the abscissa 
are the per cent of the total protein supplied by the supplement. Solid bars 
represent gain in weight. 


yeast, corn germ, and peanut flour. The differences in the sup- 
plemental value of the various proteins are apparent. More- 
over, it should be noted that the proteins of the different diets 
are classified, relative to each other, in the same order whether 
protein efficiency or gain in w'eight is used as the measure 
of nutritive value. 
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Figure 2 is a similar chart of the data obtained using 10 
diets in which the nutritive value was varied by the relative 
proportions of gluten and casein. This experiment was de- 
signed to give a series of proteins of gradually increasing 
nutritive value. It may be noted in comparing fignires 1 and 2 
that the protein efficiency is somewhat higher relative to the 
gain in weight in this experiment than in the first experiment. 
However, the chief point of interest is that the protein mix- 
tures are again classified in the same relative position by 
either gain in weight or protein efficiency. 



Fig. 2 Average gain in weight and protein efficiency of the groups receiving 
muEtures of gluten and casein. The remainder of the total jirotein (12% of the 
ration) was supplied by casein. Solid bars represent gain in weight. 


This is true even for group 9 which is anomalous due to the 
inclusion of 2 animals which grew very poorly. One animal 
in this group died on the second day. The data are thus based 
on only 4 animals, 2 of which appeared abnormal. It seemed 
worthwhile, therefore, to investigate the relation between the 
protein efficiency and gain in weight of the individual animals. 

'Figure 3 is a scatter diagram showing the relation of pro- 
tein efficiency to gain in weight for each of the rats in the first 
experiment. The straight line (no. 1) is the regression line 
fitted by the method of least squares. This fits the data 
reasonably well and the correlation coefficient is + 0*97. jHow- 
ever, the regression line appears to fall above the experimental 
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points at both extremes of the data, the variation about the 
line increases with increases in gain in weight, and finally the 
line fails to pass through the origin of the graph although by 
definition protein efBciency is zero when the gain is zero. \ 



GAIN IN THREE WEEKS, OMS. 

Fig. 3 The relation between the protein efficiency and gain in weight of the 
individual rats in Experiment I. 


These difficulties disappear when the data are plotted as 
logarithms in figure 4.‘ The correlation is increased to + 0.984 
and the data fall uniformly about the line. 

The regression line log 10 P.E. = 0.787 log gain + 0.0128 
may be put in terms of the original data to give the equation 

^Protein efficiency times 10 (10 P.E.) is need rather than the original protoin 
efficiencies for ease in plotting. 
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P.E. = 0,103 The curve of this equation is shown 

in figure 3 as no. 2. This line fits the data at the 2 extremes 
better than the previous line and also approaches the origin. 



Fig. 5 A scatter diagram showing the protein efficiencies and gains in weight 
for the individual rats in Experiment II. The data are plotted as logarithms. 

Figure 5 represents a log-log plot of the data from Exper- 
iment II. Again the data clearly fall about a straight line and 
the coefficient of correlation is + 0.984. When this line is put 
in terms of the original data, the equation P.E. = 0.0834 
gain is obtained which is shown in figure 6. 
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Fig. 6 The relation between protein efficiency and gain in weight in Exper- 
iment II. 


DISCUSSION 

In these experiments the gain in weight, amount of protein 
eaten and protein efficiency are known for each rat. The first 
2 variables, gain in weight and the amount of protein eaten, are 
independent in the sense that they can be measured inde- 
pendently on each rat while the third variable, protein effi- 
ciency, is the ratio between the 2. The correlation between 
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protein efficiency and gain in weight is thus the correlation 
between gain in weight and a function of gain in weight. This 
kind of correlation has been termed “spurious” by Pearson 
(1897) but, as Snedecor (’46) points out, this derogatory 
remark would be better reserved for conclusions which have 
been drawn from such correlations rather than the correla- 
tions themselves. / 


PROTEIN INTAKE 



Fig. 7 A scatter diagram showing the relation of the logarithms of food 
intake to the logarithms of weight gains in Experiment I. 


It is well known that there is in general some correlation 
between food intake and gain in weight. Even allowing for 
differences in nutritive value, animals which grow faster 
may be expected to have somewhat greater food intakes. : In 
the present work, this is demonstrated in figure 7 where the 
logarithms of the values for protein intake in Experiment I 
have been plotted against the logarithms of the gains in 
weight. The data appear to be well represented by the re- 
gression line : 

log protein intake = 0.214 log gain + 0.986. 

However, the correlation coefficient is only + 0.826 compared 
to the very high correlation between protein efficiency and gain 
in weight. ^ 
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This discussion is pertinent to the present problem since 
the regression lines in figures 2 and 4 might be solved in the 
following manner : 

Log 10 P.E. == 0.787 log gain + 0.013 (1) 

Since log P.E. = log = log gain _ log protein intake 

then log gain — log protein intake + 1 = 0.787 gain -h 0.013 

and log protein intake = 0.213 log gain -f- 0.987 (3) 

By such reasoning one thus arrives at the conclusion that the 
protein intake, regardless of nutritive value, is predicted by 
the gain in weight.^ However, equation 3 is the same as the 
equation for the regression line in figure 7 and it has already 
been shown by the coeflScient of correlation, + 0.826, that this 
line predicts the protein intake only with considerable error. 
In fact, this coefficient of correlation indicates that only 68% 
of the variation has been explained by the regression line. 
This example thus demonstrates the erroneous conclusion 
which might be arrived at because of “spurious” correlation. 
It is clear that the excellent correlation between protein effi- 
ciency and gain in weight does not necessarily imply an equally 
good correlation between protein intake and gain in weight. 

3ls has been discussed by numerous other authors, the con- 
cept of protein efficiency suffers serious theoretical difficulties. 
Dietary protein must be considered as fulfilling 2 functions 
(a) maintenance and (b) growth. Since the calculation of 
protein efficiency does not consider the protein required for 
maintenance, considerable improvement at least theoretically 
would result, if the maintenance protein requirement could 
be subtracted from the protein intake, and only the remainder 
considered in the calculation of protein efficiency. Boas-Fixen 
et al. ( ’34) attempted this and estimated the maintenance re- 
quirement by extending the regression line of protein intake 
vs. gain to the intercept of zero gain. It is readily apparent, 
however, that this may not be a valid procedure since un- 
doubtedly the animals which grow have larger maintenance 
requirements due to the increase in body size. Furthermore, 
maintenance requirements cannot be estimated from the body 
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size since the proteins vary in nutritive value, and the main- 
tenance requirement per unit of body size is less for the better 
proteins. Thus the maintenance requirement for the animals 
which grow (those receiving proteins of higher nutritive 
Talue) tends to be higher because of the increase in size while 
at the same time must be less per unit of body size than for 
animals which do not grow because of the difference in the 
nutritive value of the proteins they receive. Whether it is 
actually higher or lower or relatively constant for animals of 
varying gains will require further investigation and no satis- 
factory method of estimating it appears to be available at the 

TABLE 1 


The relalive ranlc given the 10 proteins in Experiment IT hy the 
S methods of classificatton. 


PROTEIN 

AMOUNT 

EATEN 

GAIN IN 
WEIGHT 

PROTEIN 

EFFICIENCY 

1 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

4 

4 

4 

4 

5 

8 

6 

6 

6 

7 

7 

7 

7 

6 

8 

8 

8 

10 

9 

9 

9 

5 

5 

5 

10 

9 

10 

10 


present time. We must, therefore, consider protein efficiency 
as simply a method of classifying proteins relative to each 
other as to their nutritional value. The close correlation be- 
tween gain in weight and protein efficiency indicates that 
either of these will classify proteins as to their nutritive value 
in a similar manner. Since protein intake alone shows a 
correlation with gain in weight, it might also be used to assess 
the nutritive value of proteins./ Table 1 shows the order in 
which the 10 pri^eins fed in Experiment II ranked according to 
the 3 methodsT^ftliere is perfect agreement by either protein 
efficiency or gain in weight, but food intake alone fails to dis- 
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ting^iish between the last 5 proteins. The same close correla- 
tion between protein efficiency and gain in weight is shown by 
data in the literature. As examples the data from the 2 
papers by Jones and coworkers have been plotted in figure 8 
as logarithms. In the first paper (Jones and Divine, ’44) 16 



Fig, 8 The relation between protein efficiency and gain in weight in studies by 
Jones and Divine (^44). Insets are data from the paper by Jones and Widness 
(’46). 

different protein mixtures were compared, all of them at a 
level of 9.1% protein in the diet. In the second paper (Jones 
and Widness, ’46) 8 proteins were compared at 3 levels in the 
diet, namely, 10%, 15% and 17.5%. In all of these studies 
the correlation is very close and the points fall within the 
range of the standard errors of the estimated protein efficiency.,) 
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> Additional examples afe afforded by the recent paper of 
Russell et al. (’46) in which many legumes were compared 
as well as the effect of added methionine at 2 different levels. 
All of the data from this paper are shown in figure 9, and it is 
clear that there is a straight line relation between protein 
efficiency and gain in weight as in the previous data. Data 
obtained with chicks by Gran ( ’46) are shown in figure 10. 
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Fig. 9 The relation between protein efficiency and gain in weight in the studies 
by Russell et al. ('46). 


Ill this paper 3 different proteins were studied including 
gluten, cottonseed and peanut proteins. Various combinations 
of amino acids were added to demonstrate the limiting defi- 
ciencies. A plot of these data, using food eflSciency rather than 
protein efiSciency, shows clearly that the relation is the same 
in chicks as in rats. \ 

Much other data could have been selected which support the 
data presented in this paper. jThese papers were used to 
show that Itlose correlation between protein efficiency and gain 
in weight as found under diverse conditions including many 
proteins, experiments involving different lengths of time, in 
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several laboratories, different strains of rats and even dif- 
ferent species, j 

It must be stressed that this does not imply that the protein 
efficiency will always he the same figure for a given gain in 
weight. As was noted previously, the protein efficiency in 
figure 2 is higher relative to weight gain than in figure 1. 
This does not seem strange since it is well known that in 
repeating experiments with similar diets the absolute gain 
in weight may show considerable difference and protein effi- 
ciency is a function of this gain. We believe, therefore, that 
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Fig. 10 The relation between food efficiency and weight gains in studies on 
chicks by Gran (^46). 


like growth rates, protein efficiency is only relative and in the 
strict sense should only be used to compare the groups of 
animals studied at one time.^ 

The question may be asked as to which of the 3 variables 
distinguishes most effectively between proteins, i.e., is 1 
measure more accurate than another. In order to approach 
an answer to this question, variance analyses have been made 
of the logarithms of the 3 variables. Logarithms were used 
since, as previously shown, the regression lines tend to be 
straighter. Table 2 gives the 3 variance analyses. The 0.01 
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point for an F value based on 9 and 38 degrees of freedom 
for the greater and smaller mean square, respectively, is 
approximately 2.9. Consequently the variance analyses show 
that any 1 of the 3 variables, gain in weight, protein efficiency 
or amount of protein eaten, serves to bring out significant dif- 
ferences between the 10 proteins. The F values for gain in 
weight and protein efficiency are both extremely large and 
approximately the same size, 24.8 and 28.6. This indicates that 
either variable distinguishes very effectively between the pro- 
teins and it is impossible on the basis of this test to decide 
which is most effective. 

. In order to decide if gain in weight and protein efficiency 
can be used interchangeably in distinguishing between the pro- 
teins, the covariance between gain in weight and protein effi- 
ciency was analyzed (table 3). Comparison of the errors 
of estimate shows that the variances between the adjusted 
mean values and the observed mean values based on 9 degrees 
of freedom are slightly smaller than the errors of estimate 
determined within the protein groups. This indicates that the 
2 variables, gain in weight and pi'otein efficiency, are in fact 
measuring the same characteristic and that if one wishes to 
determine differences between proteins in terms of this char- 
acteristic, whatever it may be, one may use gain in weight 
alone. This is further indicated by the very high correlation 

TABLE 2 

Variance analyses. With respect to the S variahles^ gain in weighty protein 
efficiency anti amount eaten. 


emtitrii; fr*" DKQEEBS 

GAIN IK WEIGHT 

PROTEIN ETFIOIBNCY j 

AMOUNT EATEN 

FOvlCl/K 

VA.WTIOJ. 

Sum of Mean » 

[ squares squares ^ 

Sum of Mean « 
squares squares ^ 

Sum of Mean « 
squares squares ^ 

Total 47 

6.5412 

4.2360 

^ .4119 

Between i 

I 



proteins 9 

1 5.5903 .6211 24,8 1 

! ' 1 

3.6915 .4102 28.6 

.2105 .02339 4.35 

Within 

i 

! i 

1 : 


proteins 38 j 

.9509 .0250 j 

.5445 .0143 

.2044 .00538 
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coefficient, + 0.984, between gain in weight and protein effi- 
ciency in this experiment. 

If the same sort of covariance analysis is applied to gain in 
weight and amount eaten the results in table 4 are obtained. 
The table shows that after correction for the amount eaten 
there is still a highly significant variance in gain in weight 
on the different proteins. This result is to be expected and 
simply means that there is a difference in the growth pro- 


TABLE 3 


Analysis of covariance and test of significance of adjusted protein means' 


SOURCE OF 
VARIATION 

i).r.2 

Sjc2 

S xy 

Sy® 

D.r 

ERRORS OP ESTIMATE 

y from x x from y 

S vq * 

Mean 

square 

S sq.** 

Mean 

square 

Total 

47 

fi.r> 4]2 

5.1817 

4.2360 

46 

.1312 


.2027 


Between 










proteins 

9 

0.5903 

4.5358 

3.6915 

i 





Within 










proteins 

38 

. 9.509 

.6459 

.5445 

37 

. 10,58 

.00286 

.1847 

.00499 

Test of significance of adjusted 

means 

9 

.0254 

.00282 

.0180 

.00200 


' X == log gain, y — log protein efficiency. 


• Sy’ - - 


(Rxyr 

Sx* 






' Degrees of freedom. 


TABLE 4 

Analysis of covariance and test of significance of adjusted protein means. 


ERRORS or ESTIMATE 


SUUKUE UF 

VARIATION 

D P 

.Sz* 

Sxz 

Sx* 1 

D.P 

Squares ' 

Mean 

squares 

P 

Total 

Between 

47 

.4149 

1.3608 

6.4312 

46 

2.0781 



proteins 

Within 

9 

.2105 

1.0553 

5.5903 





proteins 

38 

.2044 

.3055 

.9509 

37 

.4943 

.01336 


Test of significance of adjusted means 

9 

1.5838 

.1760 

13.2 


X* == (SXE)V**. 
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moting power of proteins even though food intakes are 
equalized.® 

'As stated previously, the originators of this method be- 
lieved that the point of maximum efficiency for each protein 
should be determined, and the amount of protein in the diet 
at these points be used in evaluating the proteins.' Whether 
this method actually will be helpful still remains to be proven. 
In the final analysis the method is still orie of relative classi- 
fication and it is apparent that a priori reasoning is not 
sufficient grounds for stating the best method of classifying 
proteins. It is known already that the protein content of the 
diet for maximum efficiency is higher for proteins of lesser 
value. Thus it is not obvious that the use of the original 
procedure will give additional knowledge of practical value 
in classifying proteins over that obtained in simple feeding ex- 
periments at 1 level of protein, although this remains to be 
studied. 

It appears to us that 1 disadvantage of the calculation of 
protein efficiency is that it supplies a figure for each- protein 
which workers in the field tend to accept as characteristic of 
the protein. On the other hand, figures for gain in weight are 
always readily recognized and used in a comparative sense. 
Actually protein efficiency should be used in the same way 
and with the same reservations. \ 

* The table also supplies various estimates of the correlation coefficient between 
gain and amount eaten. These are + 0.826 from the total, -f 0.973 from the 
mean values, and + 0.693 from the departures within the groups. The last corre- 
lation coefficient, -f 0.693, is the correlation between gain and amount eaten, in- 
dependent of the type of protein fed. From this an estimate of the regression of 
gain in weight and amount eaten may be obtained. This regression coefficient, 
Sx2 

is 1.4946 and not 1 as is assumed when the log protein efficiency, log x — log z, 
is computed. If this regression coefficient is a constant with various proteins i^nd 
one desires to take account of the amount eaten, it should be done from this 
regression coefficient rather than by the simple computation of protein efficiency. 
Our data within groups are limited to decide this point but suggest that this 
regression coefficient is not a constant for the different proteins. 
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CONCLUSION 

The nutritive value of 23 different proteins or protein mix- 
tures was investigated by feeding experiments with 111 young 
rats. All diets contained 12% protein. An analysis of the data 
shows : 

1. There is a very high correlation between gain in weight 
and protein efficiency (gain per gm of protein eaten). 

, 2. Protein efficiency is a function of gain in weight rather 
than a characteristic of the protein fed. 

3. Proteins are classified relative to each other in the 
same manner, and with equal accuracy, by either gain in 
weight alone or protein efficiency. 

4. In studies on the relative nutritive value of various pro- 
teins using growing rats fed ad libitum, little additional in- 
formation is gained by taking into account the amount of 
protein eaten, i.e., the calculation of protein efficiency. 

5. The results are clearly supported by numerous data in 
the literature. 
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The mouse has proved to be unusually valuable for the study 
of numerous problems in medicine and allied fields, notably 
those related to cancer and certain infectious diseases, con- 
cerning which there have been some suggestions in the litera- 
ture that dietary factors may i)lay a role. Unfortunately, 
this species has not been as well standardized nor have its 
nutritional requirements been as well elucidated as have 
those of the rat. Therefore it has l)een diflScult to study the 
problems of cancer and infectious disease on the- mouse using 
highly artificial diets so constructed and controlled as to have 
only one variable of interest. In this institution many highly 
inbred strains of mice with characteristics important for 
students of cancer have been developed by Dr. L. 0. Strong. 
The origin of a number of these strains has been discussed 
elsewhere (Strong, ’42). 

In some preliminary dietarv studies of this general problem 
Rogers, McElroy and Cowgill (’42) succeeded in carrying 
mice of the Ost strain (characterized by low incidence of 

‘ The expenses of this study were defrayed by a ^rant from Nutrition Founda- 
tion, Inc., and also by grants from the American Cancer Society and The Anna 
Fuller Fund. 

* Nutrition Foundation Fello’W, 1945-46. 
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spontaneous breast cancer) to the second generation of off- 
spring (F2) on a purified diet containing as the component of 
uncertain composition a “rice polish filtrate factor II.’’ Ef- 
forts to repeat this with other strains, however, met with 
failure. Foster et al. ( ’43) made considerable progress in this 
field. Cerecedo and Vinson ( ’44) reported that the poor lacta- 
tion of mice on purified diets could be improved by the addi- 
tion of a crude folic acid preparation. This work was recently 
repeated using crystalline folic acid (Cerecedo and Mirone, 
’47). The nutritional requirements of the mouse as recorded 
in the literature up to 1944 have been reviewed by Morris 
(’44). _ 

In view of the apparent strain differences in nutritional 
requirements already observed by Rogers, McElroy and Cow- 
gill (’42), it was decided to investigate this question in 
greater detail. We have already demonstrated ® that the ribo- 
flavin requirement for growth is less for mice of the Cr,7 
strain than for the A strain (albinos with high incidence of 
spontaneous mammary tumors among mated females). Others 
have reported that it is much more difficult to maintain the 
A strain presumably because of either poor reproduction or 
poor lactation, or both. In this paper are reported favorable 
results obtained with respect to reproduction and lactation 
in the Cr,7 and A strains fed highly artificial rations. 

EXPEBIMENTAL 

This study was begun with mice of the C57 and A strains 
received from Dr. L. C. Strong and Dr. A. Gorbman.'* Most 
of the animals were 21 to 28 days old at the time. One group 
of each strain was fed commercial stock rations ® (in a few 
instances experimental stock rations) ; the other group re- 
ceived diet 101. The composition of all synthetic rations is 
given in table 1. A few animals were raised from weaning on 
diet 104. In later experiments offspring of these groups of 

*To be published. 

♦Department of Anatomy, Yale University. 

® Purina Dog Chow, later Purina Laboratory Chow. 
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mice (Fi generation) were used. Since the belief is held in 
some quarters that mice will mate satisfactorily only if the 
male and female are raised together in the same cage, this 
practice was followed in the earlier experiments. From a 
nutritional viewpoint, if growth performance is to be meas- 
ured, this system has obvious disadvantages. Consequently 
in most of our experiments the animals were raised from 
weaning in individual cages and were mated after they had 
reached an age of at least 70 days. The cages have wire 
screen bottoms and fronts, are suspended from metal shelves 
and are of all-metal construction. Food and water were sup- 
plied ad libitum. The diets were prepared usually at least 
once a week, often more frequently; between feedings they 
were stored in the cold. Growth rates on the stock rations 
and on diets 101, 104 and 114 were excellent. Growth per- 
formance on the remaining diets has not been determined. 

When an animal was observed to be pregnant, it was 
separated from the male and placed in an individual cage 
supplied with nesting paper. The details regarding exact 
equipping of these cages were evolved gradually in the course 
of the early experiments. A piece of wire screen the same 
size as the rectangular cage bottom but of somewhat smaller 
mesh was turned up at the front and back to form a basket 
(the sides of the cage serving simultaneously as the sides of 
the basket). Into this the nesting paper was placed. This nest 
occupied the rear half of the cage. The food cup was placed 
in the front half of the cage, and the water bottle was attached 
to the front of the cage with a glass delivery tube passing 
through the screen to the inside. The chief advantages of 
this system are (a) that the nesting pai>er is usually kept 
away from the water tube and (b) that the animal quickly 
habituates itself to dropping the feces in the front part of the 
cage where they can fall through the bottom. Early experi- 
ments showed that , nesting paper placed indiscriminately in 
the cage was invariably pushed against the water bottle 
outlet causing a rapid emptying. The prevention of copro- 
phagy is a fundamental problem in nutrition and has not 
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been satisfactorily solved even for simple growth or mainte- 
nance experiments. The problem becomes even more acute 
w'hen it is necessary to prevent the newly born mice from 
falling out of the cage. The method described here has, by 
observation, reduced coprophagy to a minimum. It is rec- 
ognized, however, that the opportunities for ingestion of feces 
are greater than they would be in the original wire-bottom 
cage. 

The cages containing pregnant animals were examined at 
least once a day. When the young were born, the female 
was weighed as was the entire litter. The number of offspring 
was reduced to 8 at birth and to 6 at tlie end of 1 week. The 
lactating females and the litters were weighed once a week 
and the young weaned at 21 days of age. After weaning or 
after the death of the last offspring in cases of lactation 
failure, the female was allowed to rest at least 2 weeks before 
being remated. Biotin assays were done by the microbiological 
method of Wright and Skeggrs (’44) using L. arabinosus. This 
procedure was checked with an L. casei method. Numerous 
recovery experiments were carried out to test the validity 
of the assays, and the recoveries were entirely satisfactory. 
Hydrolysis of the tissue with 6N acid was found to cause 
some loss of biotin, and therefore hydrolysis was done with 
N acid which was found fo give maximal yields of biotin. 

RESULTS 

The data on reproduction and lactation are summarized in 
tables 2, 3 and 4. Mice raised on stock diets have given satis- 
factory breeding performance during the year. On the other 
hand on the purified diet (no. 101) 21 animals produced lit- 
ters, 20 of which died within 3 days after birth. One litter 
(0.r,7) survived 14 days (table 2). Four females had been set 
aside as pregnant but no litters were found. It seems likely 
that the offspring were consumed by the mother prior to the 
daily inspection. No pregnancy was observed in 5 of the 
animals on the purified diet. Three litters were accidentally 
lost. When the dead young were analyzed for biotin, they 
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contained on the average 0.064 Mg per gm of wet tissue (49 
determinations on 14 animals; range 0.032 to 0.094 Mg)- Off- 
spring of animals on stock rations contained on the average 
0.172 Mg of biotin per gm (53 determinations on 6 animals; 
range 0.159 to 0.184 Mg) - Earlier work carried out in this labor- 
atory by A. E. H. Houk ® and G- Keefe had shown essentially 
the same results. Mice of the Co? strain were fed rations nearly 
identical with our diet 101. A total of 52 litters were obtained 
but only 3 young were successfully weaned. 

Following a 2-week rest period the females were remated. 
Some were continued on diet 101 ; others which had been raised 
on- diet 101 were put on diets 104, 108, 111, 112, 114, 116 and 
119; For subsequent matings these animals were further 
interchanged among the several diets. On diet 104 (liver sup- 
plement) 3 litters were weaned and the survival time of several 
others was increased. The addition of 16 Mg of biotin (biotin 
concentrate) per 100 gm of diet had no beneficial effect under 
the conditions of this experiment. On diet 112 (cystine sup- 
plement) 2 litters, a total of 3 young were weaned (both by the 
same animal). Increasing the protein, fat, vitamin, salt and 
roughage content of the diet at the expense of carbohydrate 
(diet 114) was without effect. Addition of folic acid (diet 119) 
made it possible for 1 litter to be weaned. When both biotin 
and folic acid were added (diet 116), 4 litters were weaned by 
2 females. Two animals were changed from the synthetic diet 
to a stock ration; both successfully weaned litters after this 
change. One of these animals was later returned to diet 101 
after which the next litter died soon after birth. Young born 
to the animals which had been continued on diet 101 all died 
within 3 days after birth. Three animals raised from weaning 
on diet 104 were mated, and 1 litter of 5 young were success- 
fully weaned. Five animals of our F, generation (from stock 
colony) were raised from weaning on' diet 101 and placed 
on diet 116 at the tune of mating. Of 5 litters born 1 was suc- 
cessfully weaned. Five other animals were raised from 
weaning on diet 116, but none succeeded in weaning their first 

•Nutrition Foundation Fellow, 1943-44. 



TABLE 2 


Lactation performance of mice raised on synthetic diets. 


diet 

FIRST OENKRATIOK 



Fi ORNBRATION 

First litter 

Subsequent litters | 

1 

First litter 


Subsequent litters 

Youm 

Litters 


Yountt 

weaned 

Litters 

Younjf 

weaned 

Litters 

born weaned 

born weaned 

born 

weaned 

born weaned 

101 

21 0 0 

4 

0 

0 





104 


6 

3 

11 





108 


4 

1 

6 





111 


8 

0 

0 





112 


6 

2 

3 





114 


4 

0 

0 





116 


10 

4 

18 

10 

1 

2 


119 


4 

1 

3 





L' 


2 

2 

8 i 





132 





10 

4 

19 

8 2 9 

133 





6 

1 

6 

19 12 60 


* Purina Laboratory Chow. 


TABLE 3 


Lactation performance of mice raised on stock rations and placed on diet 101 at the second mating. 


ANIMAL 

BTRAIK 

DIRT L » 


DIET 101 


THIRD LITTER 

NO. 


No 

weaned 

Total 

wt. 

No. 

dead 

No. Total 

weaned wt. 

No. 

dead 

Diet 

No. Total 

weaned wt. 

No. 

dead 

1233 

c„ 

4 

gm 

28.3 

7 

gm 

(young dead 



gm 







in 16 days) 

11 




1240 

C,r 

2 

14.5 

5 

(young lost 


101 

(young dead 







accidentally) 



in 2 days) 

8 

1249 

C.T 

2 

14.6 

2 

6 30,3 

1 

101 

(young dead 


1250 

c„ 

6 

49.2 

0 

6 41.8 

0 

i 101 

in 3 days) 

1 4.6 

1 

1253 

C,T 

6 

46.4 

1 

6 39.3 

0 

10] 

6 38.2 

1 

3232 

A 

5 

30.3 

0 

I (young dead 
in 5 days) 

3 

L» 

5 44.3 

0 

3239 

A 

6 

41.1 

0 I 

5 27.9 

2 

L 

6 48.8 

0 

3249 

A 

6 

39.4 

0 ! 

(young dead 
in 1 day) 

6 

L 

5 52.7 

0 


^ Purina Laboratory Chow. 


TABLE 4 


Weight changes of females and of spring on diets 132 and 133. 




DIET 132 ; 

6 LITTERS 



DIET 133 : 

13 LITTERS 


Weeks after parturition 

0 

1 

2 

3 

0 

1 

2 

3 

Average wt. of females, gm 

26,3 

27.7 

29.3 

27.3 

27.0 

27.3 

26.9 

26.4 

Total no. of young 

36 

32 

30 

30 

82 

76 

70 

66 

Average litter wt., gm 
Average individual wt. 

7.9 

17.8 

33.0 

44.5 

8.3 

20.8 

34.8 

42.5 

of young, gm 

1.3 

3.3 

66 

8.8 

1.3 

3.6 

6.5 

8.4 
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litters. When these animals were later placed on diets 132 
and 133, lactation performance was far better. 

In 2 instances the young born to a female on diet 101 were 
exchanged with the young of a female on stock ration. Both 
times the stock animals successfully weaned the youi^g, while 
1 female on the synthetic diet carried 1 offspring to age 21 
days when it weighed only 3.7 gm. 

Three stock animals were transferred to diet 101 at parturi- 
tion. All 3 litters were successfully weaned. Eight females 
which had been raised on stock rations and had successfully 
weaned 1 litter each were placed on diet 101 when they were 
.mated a second time. The definitely adverse effects of this 
change on most of the animals are shown in table 3 along 
with results of subsequent matings. 

The females of an F, generation group raised on synthetic 
diets were mated when at least 75 days old and were then 
placed on diets 132 and 133. The results are shown in table 2 
in which are also included those Fj animals which had been 
bred once when on diet 116. By employing diets 116, 132 and 
133 it has been possible to carry a number of animals to the 
third generation entirely on synthetic diets. In table 4 are 
shown the weight changes of females and litters successfully 
raised on diets 132 and 133. 

DISCUSSION 

It lias been shown that diet 101 (which supports excellent 
growth) is utterly inadequate to permit successful weaning 
of the offspring. The fact that offspring of females on this 
diet could be successfully raised if foster-nursed by females on 
stock diets suggests that the problem is chiefly one of lacta- 
tion. The complete failure of our efforts to secure lactation 
on diets 101 and 114 is most interesting in view of the partial 
success reported by Cerecedo and Vipson (’44) with their 
diets E-5 and C-28, which closely resemble ours in composi- 
tion. The difference in results is perhaps partly due to dif- 
ferences in housing the breeding colony. The partial success 
obtained by Foster et al. (’43) may perhaps be ascribed to 
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their use of vitamin K in their diet since Jukes (’40) has 
stressed the importance of this factor during the lactation 
period of the rat. Kennedy and Palmer ( ’45) showed biotin to 
be essential for reproduction and lactation of the rat. 

The addition of a liver powder (diet 104) resulted in some 
improvement in lactation, but performance was not equal to 
that obtained on stock rations. The incorporation of cystine 
alone (diet 112) was of extremely doubtful value. Biotin con- 
centrate was inetfective at the level employed (diet 111). 
Merely increasing some of the constituents of diet 101 at the 
expense of carbohydrate (diet 114) was equally futile. Only 
when folic acid or folic acid and biotin were added to diet 101 
was any appreciable success obtained. 

The fact that females which had been on stock rations could 
be transferred to diet 101 at parturition and could successfully 
wean their litters shows that the essential factor or factors 
were depleted at a rather slow rate. This was again brought 
out in the experiments in which stock animals were placed on 
diet 101 at the time of second mating. In these experiments 
the C .-,7 strain appeared to do better than the A strain. 

After the partial success of diets 116 and 119 it was decided 
to prepare rations which contained in addition to the ingre- 
dients of diet 101 most of the factors which have been re- 
ported to be important in lactation. The feeding of these new 
diets (132 and 133) did indeed result in markedly improved 
reproduction and lactation performance. It remains to be 
determined which of the dietary components may be safely 
omitted. Further modification of the diet can be expected to 
bring about further improvement in reproduction and lac- 
tation. 

SUMMARY AND CONCLUSIONS 

Reproduction and lactation has been studied in highly inbred 
strains of mice fed purified diets. A diet containing vitamins 
A, D and E as well as thiamine, riboflavin, nicotinic acid, panto- 
thenic acid, pyridoxine, choline, inositol and p-aminobenzoic 
acid was utterly inadequate for this purpose. The problem 
appears to be one of lactation. Addition of folic acid and folic 
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acid plus biotin gave some success. Addition of biotin, folic 
acid, cystine and vitamin K gave much better results. 
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